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APPROXIMATE CONVERSIONS TO SI UNITS
Symbol When You Know Multiply By To Find Symbol
LENGTH
in. inches 25.4 millimeters mm
ft feet 0.305 meters m
yd yards 0.914 meters m
mi miles 1.61 kilometers km
AREA
in? square inches 645.2 square millimeters mm?
ft? square feet 0.093 square meters m?
yd? square yard 0.836 square meters m?
ac acres 0.405 hectares ha
mi? square miles 2.59 square kilometers km?
VOLUME
floz fluid ounces 29.57 milliliters mL
gal gallons 3.785 liters L
ft® cubic feet 0.028 cubic meters m?
yd® cubic yards 0.765 cubic meters m?
NOTE: volumes greater than 1,000 L shall be shown in m®
MASS
0z ounces 28.35 grams g
Ib pounds 0.454 kilograms kg
T short ton (2,000 Ib) 0.907 megagrams (or “metric ton”) Mg (or "t")
TEMPERATURE (exact degrees)
. . 5(F-32)/9 . o
F Fahrenheit or (F-32)/1.8 Celsius C
ILLUMINATION
fc foot-candles 10.76 lux Ix
fl foot-Lamberts 3.426 candela per square meter cd/m?
FORCE & PRESSURE or STRESS
Ibf poundforce 4.45 newtons N
Ibf/in? poundforce per square inch 6.89 kilopascals kPa
APPROXIMATE CONVERSIONS FROM SI UNITS
Symbol When You Know Multiply By To Find Symbol
LENGTH
mm millimeters 0.039 inches in.
m meters 3.28 feet ft
m meters 1.09 yards yd
km kilometers 0.621 miles mi
AREA
mm? square millimeters 0.0016 square inches in?
m? square meters 10.764 square feet ft?
m? square meters 1.195 square yard yd?
ha hectares 2.47 acres ac
km? square kilometers 0.386 square miles mi?
VOLUME
mL milliliter 0.034 fluid ounces floz
L liters 0.264 gallons gal
m? cubic meters 35.314 cubic feet ft3
m? cubic meters 1.307 cubic yards yd®
MASS
g grams 0.035 ounces 0z
kg kilograms 2.202 pounds Ib
Mg (or "t") megagrams (or “metric ton”) 1.103 short ton (2,000 Ib) T
TEMPERATURE (exact degrees)
°IC Celsius 1.8C+32 Fahrenheit °F
ILLUMINATION
Ix lux 0.0929 foot-candles fc
cd/m? candela per square meter 0.2919 foot-Lamberts fl
FORCE & PRESSURE or STRESS
N newtons 0.225 poundforce Ibf
kPa kilopascals 0.145 poundforce per square inch Ibf/in?

*Sl is the symbol for the International System of Units. Appropriate rounding should be made to comply with Section 4 of ASTM E380.
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1 INTRODUCTION

1.1 Background and Problem Statement

Over the past few decades, the Ohio and Illinois Departments of Transportation (Ohio DOT
and lllinois DOT) have regularly installed steel-tube bridge railings to safely treat the edges of
their bridges. These bridge railings consist of multiple steel-tube rails mounted to the face of I-
section steel posts, as shown in Figures 1 and 2 for the states of Ohio and Illinois, respectively.
The systems were designed without a curb to allow water to drain off the sides of a bridge, and the
posts were mounted to the side of the bridge deck to maximize the traversable width of the bridge.
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Figure 1. Existing Ohio Side-Mounted Steel-Tube Bridge Railing [1]
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Figure 2. Existing Illinois Side-Mounted Steel-Tube Bridge Railing [2]

The bridge railings shown in Figures 1 and 2 were originally developed to satisfy the Test
Level 4 (TL-4) safety criteria found in National Cooperative Highway Research Program
(NCHRP) Report No. 350 [3]. However, in 2009, the American Association of State Highway and
Transportation Officials (AASHTO) implemented a new standard for the evaluation of roadside
hardware, the Manual for Assessing Safety Hardware (MASH) [4]. The MASH criteria superseded
the criteria found in NCHRP Report 350 and significantly increased the impact severity for the
three crash tests prescribed under TL-4 conditions. Specifically, the impact angle for the small car
test was increased, the impact speed for the single unit truck test was increased, and the weight of
all three vehicles (small car, pickup truck, and the single unit truck) were increased. Note, the 2"
Edition of MASH was published in 2016 [5] with minimal changes to the criteria for evaluating
bridge rails. As such, the existing steel-tube bridge rails needed to be modified and evaluated to
the new MASH 2016 TL-4 safety performance criteria.
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The ends of bridge rails require approach guardrail transitions (AGTS) to safely connect
the bridge rail to guardrail systems on the adjacent roadway. Specifically configured to prevent
pocketing and vehicle snag on the bridge rail end, AGTs are typically designed to meet TL-3
impact safety standards. With the geometric and strength modifications required of the steel-tube
bridge rail to satisfy MASH 2016 TL-4 criteria, development of a new AGT and associated
modifications to the ends of the bridge rail were also required to complete the design of the desired
MASH 2016 TL-4 bridge rail.

1.2 Research Objectives

The objective of this research study was to develop a MASH 2016 TL-4 steel-tube bridge
rail with a TL-3 approach guardrail transition. The design and evaluation of the bridge rail was
completed in previous phases of this research. Documentation of the development of the bridge
rail can be found in reports by Pena and Mauricio [6-9]. The research efforts documented herein
cover the development and evaluation of the AGT attached to the ends of the new bridge rail.

The AGT was required to safely connect the new MASH TL-4 steel-tube bridge rail to the
Midwest Guardrail System (MGS) located on the adjacent roadway while preventing snagging on
the bridge rail during both conventional and reverse-direction (traveling from bridge to roadway)
impacts. Additionally, it was desired to maximize the distance between the final AGT post and the
first bridge rail post to avoid post installation obstacles, such as bridge abutments and wing walls.
Since the bridge rail was developed to remain crashworthy after roadway overlays up to 3 in. thick,
the same criteria were desired for the adjacent AGT. Although the bridge rail was MASH TL-4
compliant, the AGT was only required to satisfy MASH TL-3 criteria, which matched the test level
of the adjacent MGS.

The research presented in this report pertains only to the development and MASH 2016
evaluation of the new TL-3 AGT to the TL-4 steel-tube bridge rail. Recommendations and
implementation guidance for both the bridge rail and the AGT were documented in a separate
summary report [10], the fourth and final report in the series related to this research project.

1.3 Research Scope

Development of a MASH TL-3 AGT for use with the new TL-4 steel-tube bridge rail began
with the review of previous NCHRP Report 350 and MASH AGTSs connected to steel-tube bridge
rails. A previously developed W-to-thrie beam guardrail stiffness transition was selected for use
at the upstream end of the AGT, so design efforts focused on the downstream region of the AGT
and the end of the bridge rail. Modifications were made to the steel tube rails to prevent vehicle
snag, and new rail components were designed to connect with the thrie-beam AGT. LS-DYNA
computer simulations were utilized to conduct preliminary evaluations of the new AGT concepts
and to identify critical impact points (CIPs). Two full-scale crash tests were conducted on the new
AGT in accordance with MASH test designation nos. 3-20 and 3-21. Finally, the test results were
evaluated in accordance with MASH safety performance criteria.
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2 LITERATURE REVIEW

A literature review was performed on connections between previously crash-tested AGTs
and bridge rails that were considered relevant to the development of a TL-3 AGT for use with the
new TL-4 steel-tube bridge rail. The review focused on MASH TL-3 AGTs and NCHRP Report
350 TL-3 and TL-4 AGTs. Relevant systems are discussed in the following sections.

Various thrie-beam AGTSs that connect to steel bridge rails and incorporate tube-section
rail elements exist in current roadside applications. However, not all AGTs have been crash tested.
The bridge rails tended to consist of strong, steel posts that were either side-mounted or top-
mounted to the bridge deck. The AGTSs typically incorporated nested thrie beam guardrail and
guardrail posts with a reduced post spacing as compared to typical guardrail installations.

2.1 Ohio MGS Bridge Terminal Assembly, Type 1

Ohio DOT’s MGS Bridge Terminal Assembly, Type 1 was a 31-in. tall thrie-beam
transition connecting to the 31-in. tall Twin Steel Tube Bridge Railing or a concrete parapet [11],
as shown in Figure 3. The AGT consisted of nested thrie-beam rail on 12-in. deep wood blockouts
mounted on six W6x9 steel posts spaced at 18%-in. on-center, commonly referred to as quarter-
post spacing. No actual crash test data and/or Federal Highway Administration (FHWA) reports
were found, but detailed plans of the system were obtained from Ohio DOT. Complete drawing
details for the transition and bridge rail are shown in Figures A-1 through A-6 of Appendix A.

The Twin Steel Tube Bridge Railing was a curb- or side-mounted system consisting of
wide-flange posts and tubular steel rail elements designed and tested to the former AASHTO crash
standards as satisfying Performance Level 2 (PL-2) safety criteria [12], approximately equivalent
to NCHRP Report 350 TL-4 safety standards. The bridge rail consisted of W6x25 posts spaced at
6 ft — 3 in. with two HSS8x4x°/16 rail elements, as shown in Figure 4.
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Figure 4. Ohio DOT Twin Steel Bridge Railing with AGT Ter'minal Connector [1, 11]

The connection of the thrie-beam rail to the steel-tube bridge rail consisted of a ¥2-in. thick
guardrail connection plate mounted to the front face of the tube railings at 1 ft upstream from the
first bridge rail post, as shown in Figure 5. The guardrail connection plate was a 12-in. x 22-in.
rectangular plate with a %-in. stiffener on the back side of the plate. A separate %-in. thick deflector
plate was welded to the rectangular plate and stiffener and was situated between the tube railings.
This deflector plate tapered 4 in. to the backside of the railings over a 12-in. length at a 3:1 taper
ratio to prevent snag at the connection during reverse-direction impacts. However, the transition
system was never tested in the reverse direction or in the normal traffic direction.
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Figure 5. Ohio Guardrail Connection Plate [11]

A thrie-beam terminal connector was connected to nested thrie-beam rails and mounted to
the connection plate and the tube railings with eight 7z-in. diameter by 6-in. long A325 bolts. The
nested thrie-beam rails and terminal connector were also connected to the front face of the tube
railings using two %z-in. diameter by 7-in. long bolts, with plate washers and hex nuts. Bearing
plates were placed between the guardrail and the tube railings.
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2.2 lllinois Traffic Barrier Terminal, Type 6A

The lllinois Traffic Barrier Terminal, Type 6A was a 31-in. tall thrie-beam transition
connecting to a 32-in. tall top- or side-mounted, two-tube bridge rail [13], as shown in Figure 6.
Similar to the Ohio AGT, the Illinois AGT utilized nested thrie-beam rail, six W6x9 steel posts at
quarter-post spacing, and 8-in. deep wood blockouts. No crash test data was found on the Illinois
AGT. Complete drawing details for the transition and bridge rail are shown in Figures A-7 through
A-10 of Appendix A.
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Figure 6. Illinois Traffic Barrier Terminal, Type 6A [13]

The Illinois Type SM Side-Mounted Bridge Rail was a side-mounted railing consisting of
wide-flange posts and tubular steel rail elements designed and tested to the former AASHTO PL-
2 crash safety standards [14], approximately equivalent to NCHRP Report 350 TL-4 standards.
The bridge rail design consisted of W6x25 posts spaced at 6 ft — 3 in. with an HSS8x4x>/16 top rail
element and an HSS6x4xY%4 bottom rail element, as shown in Figure 7.
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The connection of the thrie-beam rail to the steel-tube bridge rail consisted of a %-in.
guardrail connection plate mounted to the front face of the tube railings at 1 ft upstream from the
first bridge rail post, as shown in Figure 8. The guardrail connection plate consisted of a 13%&-in.
X 21-in. rectangular plate, a %-in. stiffener on the back side of the plate, and a 4-in. x 4-in. x ¥&-in.
angle. The stiffener and angle were placed below the top railing and above the lower railing,
respectively. A separate ¥2-in. deflector plate was welded to the rectangular plate and stiffener and
was situated between the tube railings. This deflector plate tapered 4 in. to the backside of the
railings over a 12 in. length at a 3:1 taper to prevent snag at the connection in reverse-direction
impacts. However, the transition system was never tested in the reverse direction.
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The thrie-beam terminal connector mounted the guardrail connection plate to the bridge
rail with seven 7-in. diameter, high-strength bolts. The spliced connection between the nested
thrie-beam rails and terminal connector was also connected to the ends of the bridge rail with a 5-
in. X 3-in. X ¥-in. steel angle. The angle bolted to rail cap plates welded to the ends at the bridge
railings. These %/16-in. rail cap plates utilized %-in. reduced base welded studs with %-in. washers
and self-locking nuts or nuts and jam nuts for the guardrail connection.

2.3 Texas T131RC Bridge Rail Transition

The Texas DOT T131RC Bridge Rail Transition was a 31-in. tall thrie-beam transition
connecting to a 36-in. tall top-Texas T131RC bridge rail [15], as shown in Figure 9. The T131RC
transition consisted of two nested 12-gauge thrie beam rails supported by six W6x8.5 posts spaced
at 37% in. on-center and was developed to satisfy MASH TL-3 impact safety criteria [15].
Complete drawing details for the transition and bridge rail are shown in Figures A-11 through A-
26 of Appendix A.
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The Texas T131RC Bridge Rail consisted of two HSS6x6xYa structural tubes supported by
W6x20 steel posts spaced at 5 ft. The bridge rail was successfully crash tested in accordance with
MASH TL-3 test criteria [16]. The system was anchored into an 8-in. wide x 11-in. high, cast-in-
place concrete curb that was anchored to a cast-in-place, 8-in. thick, cantilevered concrete deck.
The width of the cantilever was 20% in.

The nested thrie-beam transition connected to a 10-gauge terminal connector and was
anchored to the end of the bridge rail. The terminal connector was attached to the traffic face of
the HSS6x6xY4 railings used for the T131RC Bridge Rail using three 7z-in. diameter, A325 bolts.
The terminal connector was anchored to the end of the rail near the W6x15 bridge rail post in the
concrete curb. Two HSS sections called fill blocks were located between the tube railings and curb
and attached to the bridge rail using two %-in. diameter by 20-in. long bolts. These fill blocks were
mounted flush to the tube railings to prevent vehicle snag in reverse-direction impacts. The fill
blocks were fabricated using HSS6x6xY4 tubes and were tapered to the back side of the bridge rail
on the exposed end in the installation. The top rail tapered down 5 in. over a 22-in. length at a 4:1
taper rate, terminating behind the thrie-beam rail of the AGT.
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The transition system successfully passed the small car and pickup truck full-scale crash
tests required by MASH TL-3. The 1100C small passenger vehicle impacted the transition 5 ft
upstream from the first bridge rail post, at an impact speed and angle of 61.5 mph and 25.6 degrees,
respectively. The 2270P pickup truck impacted the transition 7.2 ft upstream from the first bridge
rail post, at an impact speed and angle of 62.7 mph and 25.1 degrees, respectively. Minimal
dynamic and permanent deformations were observed, which would not require repair after most
impacts. The transition system was not tested in the reverse direction.

2.4 Oregon Two-Tube Side Mount Rail Transition

The Oregon Two-Tube Side Mount Rail Transition was a 31-in. tall thrie-beam transition
connecting to a 32%-in. tall Two-Tube Side Mount Rail [17-18], as shown in Figure 10. The
Oregon transition system consisted of nested 12-gauge thrie-beam rails supported by six W6x9
steel posts at quarter-post spacing. The bridge rail consisted of an HSS8x4x°/16 top rail and an
HSS6x4xY4 lower rail supported by W6x25 steel posts spaced at 6 ft — 3 in. on-center. Drawing
details for the transition and bridge rail are shown in Figures A-27 and A-28 of Appendix A.
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Figure 10. The Oregon Two-Tube Side Mount Rail and Transition [17]

The connection of the thrie-beam rail to the bridge rail consisted of a “.-in. guardrail
connection plate mounted to the front face of the tube railings located at the first bridge rail post,
as shown in Figure 11. The guardrail connection plate consisted of a 12-in. x 22-in. rectangular
plate, a 3%-in. stiffener on the back side of the plate, and a 4-in. x 3%2-in. x %-in. steel angle. The
stiffener and angle were placed below the top railing and above the lower railing, respectively. No
deflector plate was utilized between the middle tube railings. No crash test data was found on the
transition to the Oregon Two-Tube Bridge Rail.

The thrie-beam terminal connector attached the guardrail connection plate to the bridge
railings with six 7s-in. diameter A325 bolts. The spliced connection between the nested thrie-beam
rails and terminal connector was also connected to the ends of the bridge railings with a 3-in. x 4-
in. X ¥-in. steel angle. The angle bolted to rail cap plates welded to the ends at the bridge railings.
These ¥/16-in. rail cap plates utilized %-in. welded studs for the guardrail connection.
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2.5 Alaska Multi State Thrie-Beam Transition

The Alaska Multi State Thrie-Beam Transition was a 31-in. tall thrie-beam transition
connecting to the 34-in. tall Alaska Multi-State Bridge Rail [19-20], as shown in Figure 12. The
Alaska transition system consisted of nested 12-gauge thrie-beam rails on six W6x9 steel posts at
quarter-post spacing. The bridge rail consisted of an HSS8x4x%/1s top rail element and an
HSS6x4xY4 lower rail element supported by W8x24 steel posts spaced at 10 ft — 4% in. on-center.
Both the transition and the bridge rail were successfully evaluated to NCHRP Report 350 TL-4

safety performance criteria [19-20]. Drawing details for the transition and bridge rail are shown in
Figures A-29 through A-33 of Appendix A.
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The Alaska transition connection was similar in design to the Illinois and Oregon AGT
connections. The Alaska connection of the thrie-beam rail to the bridge rail consisted of a 2-in.
guardrail connection plate mounted to the front face of the tube railings located at the first bridge
rail post, as shown in Figure 13. The guardrail connection plate consisted of a 13%-in. x 22-in.
rectangular plate, a %-in. stiffener on the back side of the plate, and a 4-in. x 4-in. x %-in. steel
angle. The stiffener and angle were placed below the top railing and above the lower railing,
respectively. No deflector plate was utilized between the middle tube railings.
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Figure 13. Alaska Guardrail Connection Plate [19]

The thrie-beam terminal connector mounted the guardrail connection plate to the bridge
rail with seven 7-in. diameter A325 bolts. The spliced connection between the nested thrie-beam
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rails and terminal connector was also connected to the ends of the bridge railings with a 5-in. x 3-
in. X ¥a-in. steel angle, as shown in Figure 13. The angle bolted to rail cap plates welded to the
ends at the bridge railings. These */16-in. rail cap plates utilized %-in. welded studs for the guardrail
connection. A separate %2-in. deflector plate was welded to the rectangular plate and stiffener and
was situated between the tube railings. This deflector plate tapered 4 in. to the backside of the
railings over a 12-in. length at a 3:1 taper rate, which was designed to prevent snag at the
connection in reverse-direction impacts. However, the transition system was never tested in the
reverse direction.

The Alaska transition system was successfully crash tested with an 1,810-1b passenger car
impacting the system at 62 mph at a 20-degree angle, a 4,410-1b pickup truck impacting the system
at 62 mph at a 25-degree angle, and a 18,000-1b single-unit truck impacting the system at 50 mph
at a 15-degree angle. The transition sustained minimal damage. However, structural damage was
imparted to the bridge deck at the first bridge rail post in the single-unit truck test. The end of the
curb at the edge of the bridge deck was cracked and pushed back 7 in. This transition system was
never tested in the reverse direction. The Alaska Multi State Thrie-Beam Transition satisfied all
NCHRP Report 350 TL-4 criteria.

2.6 California Type 115 Transition

The California Type 115 Transition was a 31-in. tall thrie-beam transition connecting to
the 30-in. tall California Type 115 bridge rail [21], as shown in Figure 14. The Type 115 transition
consisted of 10-gauge thrie-beam rails supported by three 6-ft long timber posts with wood
blockouts spaced at 37%-in. on-center. The California Type 115 bridge rail featured two
HSS4x4xYs tube rails with W8x31 posts spaced at a minimum and maximum of 6 ft and 8 ft,
respectively. The bridge rail met the AASHTO Guide Specifications for Bridge Rails PL-1 criteria
[21]. The transition system failed to meet the intended PL-2 criteria but performed adequately for
a PL-1 rating. Details for the transition and bridge rail are shown in Figures A-34 through A-36 of
Appendix A.

TYPE 115 TRANSITION BARRIER GUARD RAIL TERMINAL
]
' U 1“ U l“ J " ! J " |- L 2 "
8"0“ typ' A3'1 2;|A3 '1 2 _] 6 '3 | 6'3 | 6 3 P 37"‘ 6
{ .
I : ‘ ! ] ] I
1 11 :@; S\ |
30" | T . /l ] i 27"
il ~ |l | {
A it
Bridge Deck AW Y s & s B
6" x 8“ x 5'_4"
6" x 8" x 60" D.F. POST
D.F. POST

Figure 14. The California Type 115 Bridge Rail and Transition [21]
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The thrie-beam transition barrier was attached to the Type 115 bridge rail with a 12-in. x
20-in. X ¥a-in. steel plate. A 12-in. long HSS4x4xY4 structural steel tube was welded onto the plate.
The flat side of the plate was bolted to the thrie beam. The side of the plate with the steel tube was
fitted between the two tube railings on the Type 115 bridge rail and was bolted to the post, as
shown in Figure 15.

> 4 |-
2 A 4
1/4* A36 stéel plate
v 4"x4"x1/4" struc.
IR (N - ) ey NS Wbecsl
! ! 342 1/2* botts (2)
¥ o 20 - -
_______ 1/4* filet weld (typ.)
o
5/8'1* bolt
y

12°

Figure 15. Transition to Type 115 Bridge Rail Connector [21]

There was one impact test on the Type 115 bridge rail transition. A 5,400-1b 1985 Chevy
Custom Deluxe pickup truck impacted the transition and bridge rail connection at an AASHTO
PL-1 impact speed and angle of 46.5 mph and 19.2 degrees, respectively. The pickup truck was
redirected when some pocketing occurred upstream from the first transition post. The pocketing
issue, in conjunction with wheel snag during two crash tests on the bridge rail, led to the
recommendation that the Type 115 transition and bridge rail only be used as a PL-1 rated system
[21]. The transition system was never tested in the reverse direction. Furthermore, after
considerations of the transition design, it was concluded that there may be issues with reverse-
direction impacts. Therefore, the transition was recommended to not be used where impacts could
occur in the reverse direction.

2.7 New Hampshire T2 Steel Bridge Rail Transition

The New Hampshire T2 Steel Bridge Rail Transition was a 32-in. tall thrie-beam transition
connecting to the 34-in. tall T2 Steel Bridge Rail by a two-tube transition rail [22], as shown in
Figure 16. The T2 transition consisted of nested 12-gauge thrie beam rails supported by seven 6-
in. x 8-in. x 7-ft long wood posts spaced at 18% in. on-center and satisfied NCHRP Report 350
TL-3 testing criteria. Transition and bridge rail drawing details are shown in Figures A-37 and A-
38 of Appendix A.

The bridge rail consisted of an HSS8x4x°/16 top rail element and an HSS4x4xY4 lower rail
element supported by W6x25 steel posts spaced at 8 ft and was successfully crash tested by the
New Hampshire Transportation Consortium to meet AASHTO PL-2 testing criteria [22],
approximately equivalent to NCHRP Report 350 TL-4 requirements. A 7-in. tall simulated curb
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was installed throughout the transition and extended in front of the rail tubes by 6 in. and in front
of the thrie-beam rail by 1% in.

Flgure 16 The New Hampshlre T2 Steel Brldge R|I and Transmon [22]

The connection of the thrie-beam rail to the steel-tube bridge rail consisted of two tube
transition rails of the same tubular elements used in the bridge rail by means of a %2-in. guardrail
connection plate mounted to the front face of the tube railings, as shown in Figure 17. The guardrail
connection plate consisted of a 20-in. X 27-in. X ¥%2-in. rectangular plate with clipped corners on the
downstream end of the plate. A separate %2-in. thick deflector plate was bolted to the middle of the
connection plate and tapered 3-in. to the backside of the railings over a 6-in. length at a 2:1 taper
rate, designed to prevent snag at the connection in reverse-direction impacts. However, the
transition system was never tested in the reverse direction.

The guardrail connection plate was bolted to the ends of the two tube transition rails and
to the first adjacent AGT post. The thrie-beam terminal connector mounted the guardrail
connection plate to the bridge railings with eight 7-in. diameter, high-strength bolts. The spliced
connection between the nested thrie-beam rails and terminal connector was connected to the first
adjacent AGT post using two %:-in. diameter standard guardrail bolts.

The transition system was successfully crash tested with a 4,410-Ib pickup truck impacting
the transition connection 67 in. upstream from the first bridge rail post at an impact speed and
angle of 63.6 mph and 24.9 degrees, respectively. Moderate damage was imparted to the rail in the
form of deformations to the lower two corrugations.
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Figure 17. NH T2 Transition Guardrail Connection Plate [22]

2.8 Wisconsin Thrie-Beam Transition

The Wisconsin Thrie-Beam Transition was a 31%-in. tall transition connecting to the 42-
in. tall Type “M” Tubular Steel Bridge Rail [23], as shown in Figure 18. The transition system
consisted of nested 12-gauge thrie-beam rails supported by six 6-in. x 8-in. x 7-ft long wood posts
at quarter-post spacing and satisfied NCHRP Report 350 TL-3 testing criteria. The bridge rail
consisted of an HSS5x4xYs top rail element and HSS5x5x%, middle and lower rail elements
supported by W6x25 steel posts spaced at 6 ft — 6 in. and was successfully crash tested to meet
NCHRP Report 350 TL-4 testing criteria [23]. Drawing details for the transition and bridge rail
are shown in Figures A-39 and A-40 of Appendix A.
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Figure 18. Wisconsin Thrie-Beam Transition and Type "M" Steel Tube Bridge Rail [23]

The connection of the thrie-beam rail to the bridge rail consisted of a back-up plate and an
anchor plate, as shown in Figure 19. The “2-in. back-up plate consisted of a 22-in. x 20-in. section
mounted to the front face of the middle tube railings of the bridge rail with clipped corners on the
downstream side of the plate. The back-up plate tapered back 5 in. between the lower railings over
a 20-in. length at a 4:1 taper rate and was bolted to the back side of the tube railings. This tapered
back section of the back-up plate was designed to prevent vehicle snag in reverse-direction
impacts. However, the transition system was never tested in the reverse direction.

-_—ure AR 4T g-?_ _&:;?‘P

Figure 19. Wisconsin Back-Up Plate [23]
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The thrie-beam terminal connector was connected to the back-up plate and the lower tube
railings with five 7-in. diameter x 7-in. long high-strength bolts and two 7-in. diameter x 1%-in.
long threaded shop welded studs. At the last bridge rail post, the HSS5x4xY4 top rail element
tapered down 12 in. over a 24-in. length at a 2:1 slope and was welded to the top of the middle
tube railing. Termination of both the tapered top rail element and the ends of the middle and lower
rail elements was situated behind the thrie-beam rail 18 in. downstream from the first guardrail
post.

The transition system was successfully crash tested with a 4,410-Ib pickup truck impacting
the system at a speed and angle of 62.6 mph and 25.2 degrees, respectively. The transition was
impacted 82 in. downstream from the first bridge rail post. No snagging or vehicle instability
occurred during the impact event. As previously noted, the transition system was never tested in
the reverse direction.

2.9 TL-4 Bridge Rail and Transition for Transverse Glulam Decks

The TL-4 AGT was a 31-in. thrie-beam system connected to a 36-in. tall TL-4 thrie-beam
and steel tube bridge railing [24], as shown in Figure 20. The transition system consisted of 10-
gauge thrie-beam supported by five W6x15 posts spaced at 37% in. on-center and was developed
to satisfy NCHRP Report 350 TL-4 criteria. The thrie-beam bridge rail consisted of 10-gauge thrie-
beam rail and an HSS8x3x%/16 upper tube rail supported by W6x15 posts spaced at 8 ft on-center
and was successfully crash tested to meet NCHRP Report 350 TL-4 criteria [24]. The bridge rail
was anchored to a 5%-in. thick transverse glulam timber deck with a 2-in. wearing surface.

Figure 20. TL-4 Thrie-Beam Bridge Rail and AGT for Timber Decks [24]

Within the bridge rail section, the upper tube rail was attached to the top of the steel spacer
blocks. At the connection of the AGT to the bridge rail, the upper tube rail was flared back 8 in.
over a 32-in. length at a 1:4 ratio to connect on top of the first transition post. The upper tube was
attached to the top of the first transition post and then sloped down 8 in. over a 24-in. length at a
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1:3 ratio to attach to the tube rail terminator connection to the second transition post. These lateral

and vertical tapers are shown in Figure 21.
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Figure 21. Top Bridge Rail Transition Details [24]
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The transition system was successfully crash tested with a pickup truck and a single-unit

truck. The 4,396-Ib pickup truck impacted the transi
post at an impact speed and angle of 58.2 mph an

tion 5.7 ft upstream from the first bridge rail
d 25.5 degrees, respectively. The 17,650-Ib

single-unit truck impacted the transition 7.8 ft upstream from the first bridge rail post at an impact
speed and angle of 50.8 mph and 15.2 degrees, respectively. In the analysis of the test results from
both crash tests, Midwest Roadside Safety Facility (MwRSF) determined that the transition system
adequately contained and redirected the vehicles with controlled lateral displacements of the

guardrail transition.
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3 APPROACH GUARDRAIL TRANSITION CONNECTION DESIGN
3.1 Design Criteria

The intent of the research project was to develop a transition between MGS and the newly
developed Ohio/lllinois steel-tube bridge rail. Although the bridge rail was developed to be MASH
TL-4 compliant, the AGT was only required to satisfy MASH TL-3 criteria. Note that MGS
installations adjacent to the bridge rail are also MASH TL-3 systems. Thus, the transition from
TL-3 to TL-4 would occur downstream from the first bridge post. To satisfy MASH TL-3 criteria,
the AGT must provide sufficient lateral strength to redirect passenger vehicles and be configured
with a geometry to prevent vehicle snag.

Additionally, the AGT must be crashworthy before and after roadway overlays. The TL-4
steel-tube bridge railing was designed to remain MASH crashworthy after overlays up to 3 in.
thick. Thus, it was desired for the AGT to remain crashworthy after roadway overlays without
adjusting the bridge rail or the adjacent AGT.

Finally, it was desired to maximize the longitudinal distance between the adjacent
transition and bridge rail posts (i.e., between the last transition post and first bridge rail post, or
between the first transition post and last bridge rail post). Maximizing this longitudinal distance
helps to avoid installation issues adjacent to the bridge end where abutments, bents, or wing walls
could prevent post placement. Often, bridge rails in both Illinois and Ohio must incorporate a top-
mounted end post to aid in connecting bridge rails to the adjacent approach guardrails, as shown
in Figure 22. Eliminating the need for this end post would reduce hardware and simplify
installation.

Figure 22. Top-Mounted Bridge Rail End Post
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3.2 Base AGT Configuration

MASH AGTSs typically follow one of two different post-spacing configurations near the
bridge end for connecting the thrie-beam rail: (1) a %-post spacing configuration, which
incorporates W6x9 steel posts at 18% in. on-center or (2) a ¥2-post spacing configuration, which
incorporates W6x15 posts at 37%2 in. on-center, as shown in Figure 23. The Y2-post spacing
configuration was viewed as the more desirable AGT layout as it would allow greater distance
between the adjacent transition and bridge rail posts.

e W6x9s @ 18.75” spacing

Ground
Line

Figure 23. AGT Post Spacing Configuration

Historically, thrie beam AGTSs have been designed, evaluated, and installed with 31-in. top
mounting heights. Unfortunately, roadway overlays reduce the effective height of the guardrail
relative to the new roadway surface unless milling or grinding of the roadway occurs in
conjunction with the resurfacing. Although limited research exists on AGTs with lower heights,
full-scale crash testing on the upstream end of an AGT, which had stiffened W-beam rail mounted
at a 27.75-in. height, resulted in the rollover of a 2000P pickup truck [25]. The reduced guardrail
height coupled with the increase in barrier stiffness caused the high center-of-mass vehicle to roll
toward the system. Thus, an AGT with an effective height below 31 in. is not recommended
without further evaluation.

Since the new AGT was desired to be crashworthy even after placement of a 3-in. thick
roadway overlay, the height of the AGT needed to be raised above the standard 31 in. A 34-in. top
mounting height was recommended so that the thrie beam rail would be reduced to the standard
31 in. height after a 3-in. overlay, as shown in Figure 24. Note that the same 3-in. increase in top
mounting height was incorporated into the design of the new bridge rail, which brought its height
to 39 in. from a nominal height of 36 in.
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Figure 24. Transition Top Mounting Height

One AGT system was developed with a %2-post spacing configuration, a 34-in. top
mounting height, and has satisfied MASH TL-3 evaluation criteria. The Nebraska DOT
specifically developed a 34-in. tall AGT, shown in Figure 25, to be crashworthy before and after
placement of a 3-in. thick roadway overlay, thus matching the desired criteria for the new AGT
[26]. Although the 34-in. AGT was developed for use with a standardized concrete buttress, the
connection hardware could be modified to attach to the TL-4 steel-tube bridge railing. Therefore,
the Nebraska DOT’s 34-in. tall AGT was selected as the base configuration for the new AGT to
steel-tube bridge railing.
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— ) 19—
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Figure 25. Nebraska DOT’s 34-in. Tall AGT [26]

3.3 Termination of Top Tube Rail

Due to the height of the new bridge railing, efforts were made to reduce the propensity for
snag during impact events by safely terminating the top bridge railing. From the literature review,
it was observed that steel bridge rail systems with similar geometric sections and rail heights as
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the new MASH TL-4 steel-tube bridge rail terminated the top bridge railing behind the AGT thrie-
beam rail. For example, the Wisconsin Thrie-Beam Transition, shown previously in Figure 18, had
the top railing angled downward at a 2:1 slope and was welded onto the top of the middle railing.

A similar approach was taken for terminating the top HSS12x4xY4 railing of the MASH
TL-4 steel-tube bridge rail. A top railing assembly was designed featuring a downward sloped end
that was welded to a bent plate. The top railing was to be angled downward at a 2H:1V slope and
terminated ¥z in. from the end of the middle railing to allow for weld space. The bent plate fit over
the top and back surfaces of the middle rail, and two %-in. diameter bolts were used to attach the
plate to the middle rail. Note that the same bolts were used to attach the middle and lower rails to
the bridge posts. This concept for safely terminating the top rail is shown in Figure 26.

Figure 26. Termination of Top Bridge Railing

3.4 Vehicle Snag

Vehicle snag was a concern for impacts at the connection in both the conventional and
reverse directions. For conventional impacts with the vehicle traveling toward the bridge rail, the
potential for snag arises from height differences between the thrie-beam guardrail and the steel
tube rails. Vehicle components snagging on the exposed ends of the tube rails could lead to
excessive decelerations, occupant compartment crush, or vehicle instabilities. Therefore, a smooth
height transition was needed to prevent snag. A 3H:1V taper was recommended for height
transitions between the lower two tube rails and the thrie-beam guardrail. The 1V:3H rate was
based on the performance of guardrail connection plates observed in the literature review.

Additionally, tires from an impacting vehicle could extend under the lower tube rail and
snag on a bridge post. Minor tire snag was observed during full-scale testing of the new TL-4 steel-
tube bride rail, but not enough to negatively affect the performance of the bridge rail. However,
the nested thrie-beam rails of the AGT provided much less bending strength as compared to the
tube rails, which could lead to increased system deflections, pocketing and/or snag. To limit system
deflections and the potential for snag or pocketing, it was recommended that the bridge tube rails
be extended as far upstream as possible and be terminated near the first transition post.
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For reverse-direction impacts, vehicle snag could occur on the thrie-beam terminal
connector between the middle and lower tube rails or on the top tube rail as it sloped downward to
meet the middle tube rail. Designs found during the literature review often included a sloped face
component between tube rails and adjacent to the terminal connector. This sloped face would push
vehicle components out from between the tube rails to prevent snagging on the downstream edge
of the terminal connector. Although none of the previous designs were crash tested with reverse-
direction impacts, the concept showed promise for snag mitigation.

3.5 Design Concepts

The 34-in. tall thrie-beam terminal connector could not be easily bolted to the bridge rail
using the standard five-bolt pattern. Several bolts were located at the top or bottom of the tube
rails, as shown in Figure 27, which prevented a simple bolted connection. Thus, a unique solution
was required to complete the connection for the new AGT. Two concepts were explored as possible
solutions. The first included a connection assembly plate that sloped downward from the terminal
connector to match the heights of the transition tube rails, while the second included modified tube
rails that tapered upward to match the height of the thrie beam. These concepts are briefly
discussed in the following sections.
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Figure 27. Thrie-Beam Rail Misaligning with Bridge Rail

3.5.1 Concept #1: Connection Assembly

The connection assembly featured a built-up assembly of plates and stiffeners that allowed
the AGT thrie-beam terminal connector to connect to the end of the bridge rail, as shown in Figure
28. The terminal connector bolted to the front face of the connection assembly. Horizontal
stiffeners were welded to the back side of the connection assembly to increase the bending capacity
of the assembly and reduce the propensity for hinging at the connection during impact. All
horizontal stiffeners were one piece with the same °/1¢-in. thickness. The vertical stiffeners served
as bracing of the built-up assembly and offered additional bending capacity. All vertical stiffeners
were independent stiffeners with a thickness of 3/16 in.
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Figure 28. Concept #1: Connection Assembly

The use of horizontal and vertical stiffeners to increase the bending capacity of the
connection assembly was derived from terminal connector plates utilized in New Jersey shaped
concrete barriers that featured a sloped face, as shown in Figure 29. The connector plate allowed
the terminal connector of an adjacent AGT thrie-beam rail to connect to the sloped face of the
concrete barrier.
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Figure 29. Terminal Connector Plate for New Jersey Shaped Barriers

The connection assembly attached to the ends of the bridge rail through built-up plates that
acted as tube splices and were inserted into the middle and lower tube railings, as shown in Figure
30. The tube splice inserts were flush with the inner front face of the tube railings.

Figure 30. Connection Assembly Attached to the Bridge Rail

3.5.2 Concept #2: Continuous Transition Tubes

A second concept was developed which connected the terminal connector directly to the
HSS tubes with the same sections as the bridge rail. The lower two HSS8x6xY4 tube rails within
the bridge rail had top heights of 32 in. and 20 in. Specialized HSS8x6xY4 transition tubes were
fabricated with an angled middle section that sloped up at a 6H:1V rate to achieve top heights of
34 in. and 22 in. and aligned with the top and bottom of the terminal connector, as shown in Figure
31.

A 9-ft span from the final AGT post to the first bridge rail post was selected. The transition
tubes extended to 12 in. from the centerline of the last AGT post to provide a stiff section
throughout the transition. The thrie-beam terminal connector bolted directly to the transition tubes,
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and one additional HSS6x4xY4 tube was sandwiched between the middle and lower transition tubes
to provide a connection for all five terminal connector bolts. The downstream face of this
additional tube was tapered back laterally to prevent reverse-direction snag on the terminal

connector.

Figure 31. Concept #2: Continuous Transition Tubes

26



December 23, 2020
MwRSF Report No. TRP-03-411-20

4 LS-DYNA MODEL DEVELOPMENT

The two transition concepts were evaluated using LS-DYNA finite element software [27]
to evaluate the feasibility of each concept, assist in the design, and to select CIPs for the full-scale
crash testing effort.

4.1 Development of the AGT model

An LS-DYNA model of an AGT consisting of a trailing end anchor, MGS, thrie-beam
approach guardrail transition, and the standardized concrete buttress had been previously
developed [28]. The LS-DYNA model was validated against test no. AGTB-2 on the approach
guardrail transition [28-29]. This model was modified to utilize the post sections and spacing and
a top rail height of 34 in. as was used in test nos. 34AGT-1 and 34AGT-2 [26], shown in Figure
32. The total system length of the LS-DYNA model was 6.25 ft shorter than length of the actual
test installations, which was due to a shorter length of MGS being placed upstream of the MGS.
Thus, the LS-DYNA model had 18 posts, while the test installations for test nos. 34AGT-1 and
34AGT-2 utilized 19 posts.

Two vehicle models were used in the simulations. A Dodge Ram pickup truck vehicle
model was originally developed by the Center for Collision Safety and Analysis Team at George
Mason University [30] and was modified by MwRSF personnel for use in roadside safety
applications. A model of a 2010 Toyota Yaris was originally developed by the National Crash
Analysis Center at the George Washington University and was modified by MwRSF personnel for
use in roadside safety applications [31].

Figure 32. 34-in. Tall Approach Guardrail Transition Model

Although a complete model validation was not conducted, several key parameters were
compared between test nos. 34AGT-1 and 34AGT-2, including occupant impact velocities (OIVs),
occupant ridedown accelerations (ORASs), angular displacements, and dynamic deflections. A
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comparison of results between the simulations and test nos. 34AGT-1 and 34AGT-2 are shown in
Tables 1 and 2, respectively. The metrics compared very well for the pickup truck (test no. 34AGT-
1), with the simulation overpredicting longitudinal OIV and lateral ORA. However, the metrics
did not compare well with the small car (test no. 34AGT-2) as the simulation overpredicted
longitudinal OIV, longitudinal ORA, pitch, and dynamic deflection but underpredicted lateral
ORA and roll. However, the general behavior of the small car was reasonable. Since the pickup
truck simulation compared well with test no. 34AGT-1, the transition model was utilized for this
study. However, the areas where the model did not compare well for both the pickup truck and
small car simulations were taken into account when utilizing the model to evaluate AGT

configurations as part of this study.

Table 1. Comparison of Test No. 34AGT-1 and Simulation

Evaluation Criteria Test No. 34AGT-1 Simulation (34agtl- MAS.H.2016

v11) Limits
Longitudinal -20.2 -27.2 +40
OIV s Lateral 25.9 25.4 £40

: Longitudinal -10.8 -10.2 +20.49

ORAgS Lateral 8.9 11.9 £20.49
. Roll 12.0 8.3 +75
'\[’)'iasx'lr;‘ger:‘n:;{t‘%‘gar Pitch 4.4 5.1 +75
d g Yaw 38.9 39.7 N/A
Maximum Dynamic Deflection in. 7.8 7.7 N/A
Maximum Dynamic Deflection Location|2" to last AGT post|2" to last AGT post N/A

N/A = not applicable
Table 2. Comparison of Test No. 34AGT-2 and Simulation
Evaluation Criteria Test No. 34AGT-2 Simulation (34agt2- MAS.H.2016

v3) Limits
Longitudinal -6.9 -10.1 +40
OIvits Lateral 10.0 9.7 £40

, Longitudinal -10.8 -19.9 +20.49

ORAgS Lateral 14.7 11.3 +20.49
Maxi Anaul Roll -10.0 6.9 +75
Di)glr:ger;enq%‘égr Pitch 5.5 17.6 +75
' Yaw 94.9 61.0 N/A
Maximum Dynamic Deflection in. 2.7 5.2 N/A
Maximum Dynamic Deflection Location| Last AGT post Last AGT post N/A

4.2 Development of IL-OH Bridge Rail Model

A bridge model with 7 posts and 6 rail spans was also created, as shown in Figure 33. For
evaluation of the two transition concepts, minimal vehicle interaction with the bridge rail was
anticipated. Thus, the full bridge rail model was not validated against test nos. STBR-2 through
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STBR-4 [6-7]. It was most important for the bridge rail posts to have accurate deflection behavior,
as the impacting vehicle may contact and snag on the bridge rail posts. Therefore, the bridge rail
posts and post connection, as shown in Figure 34, were previously modeled and validated by
Mauricio, et al. [8-9]. The rails were created from shell elements with material properties
consistent with the ASTM A500 steel material. The rail-to-splice and rail-to-post bolts were
simulated with constrained nodal rigid bodies. The concrete bridge deck was not modeled, and the
embedded plate on the bridge rail posts was rigid and constrained, similar to how the actual
connection behaves.

Figure 33. Bridge Rail Model
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Figure 34. Bridge Post Model [8-9]

4.3 Connection Model
4.3.1 Concept #1

The concept #1 connection assembly model is shown in Figure 35. The model utilized shell
elements for the connection assembly, wedge middle tube, and top tube transition with material
properties consistent with those steel sections. Bolts were modeled as constrained nodal rigid
bodies or tied rigid bodies.
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The connection assembly was initially designed and evaluated utilizing 3/16-in. vertical and
horizontal gusset plates. Another model evaluated 3/i-in. vertical gusset plates and °/16-in.
horizontal gusset plates. Three post configurations were evaluated, as shown in Figure 36. The
first configuration utilized the three standard W6x15 AGT posts with a 9-ft span length between
the last AGT post and the first bridge rail post. The second configuration utilized four W6x15 AGT
posts with a 6-ft span length between the last AGT post and the first bridge post. The third
configuration utilized four W6x15 AGT posts with a 9-ft span length between the last AGT post
and the first bridge rail post.

Figure 35. Concept #1 Connection Assembly Model
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18 17 16

19 18 17 16

19 18 17 16

Figure 36. Concept #1 Models

4.3.2 Concept #2

The concept #2 continuous tubes transition model is shown in Figure 37. The model
utilized shell elements for the lower and middle transition tubes, wedge middle tube, and top tube
transition with material properties consistent with those steel sections. Bolts were modeled as
constrained nodal rigid bodies or tied rigid bodies. Only one configuration was evaluated with
three standard W6x15 AGT posts and a 9-ft span between the last AGT post and the first bridge
rail post.
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Figure 37. Concept #2 Model

33



December 23, 2020
MwRSF Report No. TRP-03-411-20

5 LS-DYNA TRANSITION MODEL RESULTS

5.1 Simulation of Concept #1

Concept #1 was first evaluated with the MASH test designation no. 3-21 (pickup truck)
impacts. Several parameters were utilized to evaluate the feasibility of the concept:

1) General vehicle behavior and snag on any system components

2) Occupant risk — longitudinal and lateral OIV and ORA

3) Angle of connection assembly — as the connection assembly deformed and bent
backward, the angle that was formed relative to the bridge rail tubes

4) Stresses in various components compared to yield and ultimate stresses

5) Other MASH metrics

As mentioned previously, three post configurations and two connection assembly
thicknesses were evaluated. Table 3 shows the simulation matrix of these configurations at several
different impact points listed by simulation name (V#) and impact location in inches upstream

from the last transition post.

Table 3. Summary of Simulations on Concept #1, Test Designation No. 3-21

. Connector — 3/1¢-in.
J— 3 -
Span Connector —“/i6-in. plates vertical, */16-in. horizontal
% V10 - 54.6” V18 —54.6”
g w2
g & VIl -73.4” V19 -73.4”
s
< Q V12-35.9” V20 - 35.9”
o <
< V13-17.17 V21 -17.17
3 V14 -54.6” V22 - 54.6”
g w2
s & V157347 V23 -73.4”
s
< Q V16-35.9” V24 -35.9”
O <
< V17-17.17 V25-17.17
2 V26— 54.6” N/A
o 7]
g E V27 - 73.4” N/A
o V28 —35.9” N/A
(@)
3
~ V29-17.17 N/A

N/A — Not applicable
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Occupant risk values and the angle of connection assembly for each simulation are shown
in Table 4. General vehicle and system behavior for each simulation is shown in Figures 38 through
57. All occupant risk values were below MASH thresholds. However, several simulations did not
run to completion, as denoted with an asterisk in Table 4, so ORAs may have been higher in those
simulations had they not terminated early. The errors that caused the simulations to terminate early
were not resolvable. However, early termination is likely linked to areas where large deformations
were occurring within the simulation, which may indicate vehicle snag on system components.

Table 4. Summary of Concept #1 Simulation Results

Impact Distance Occupant Impact Occupant Ridedown | Angle of
Concept Simulation US from last Velocity (m/s) Acceleration (g’s) | Connection
Description Name transition post Assembly
: Lateral Long. Lateral Long.
(in) g 9 (deg.)
V10* 54.6 6.0 -5.7 9.0 -11.6 19.8
3 AGT Posts
9-ft span V11 734 6.0 -5.6 12.4 -8.6 21.1
*f16-in. connector V12* 35.9 6.3 -6.4 10.8 -13.1 20.1
plates
V13* 17.1 6.5 -6.9 0.0 0.0 19.7
V14 54.6 6.7 -6.3 11.0 -11.4 15.7
4 AGT Posts
6-ft span V15 734 6.7 -6.3 104 -7.8 12.9
*h16-in. connector V16* 35.9 6.8 -7.2 8.5 -9.8 15.8
plates
V17 17.1 7.3 -7.1 8.3 -12.0 16.2
3 AGT Posts V18* 54.6 6.1 -5.7 11.2 -12.5 14.4
9-ft span
3/16-"1. vertical V19 73.4 6.1 -5.7 10.8 -8.8 15.3
and “/ze-in. V20* 35.9 6.4 -6.4 9.8 -7.0 16.6
horizontal
connector plates V21 171 6.5 -7.0 9.5 -14.7 12.4
4 AGT Posts V22 54.6 6.6 -6.5 12.0 -12.9 11.6
6-ft span
3/,-in. vertical V23 73.4 6.5 -6.4 10.3 -10.0 95
and */s-in. V24 35.9 6.8 7.2 9.8 -12.0 13.2
horizontal
connector plates V25 17.1 7.1 -7.1 75 -9.2 12.3
V26 54.6 6.4 -6.6 12.1 -13.8 14.1
4 AGT Posts
9-ft span V27 734 6.5 -6.4 10.6 -11.0 12.1
*h16-in. connector V28 35.9 6.9 -6.5 8.6 -12.4 13.8
plates
V29* 17.1 6.6 -6.3 12.5 -15.6 9.3

*Simulation terminated early — ORAs may be greater than recorded

The connection assembly had stresses that exceeded yield in every simulation as the
connection assembly bent. When the connection assembly bent, especially with a higher bend
angle, there was increased potential for the vehicle to snag on the ends of the bridge rail tube.
However, the connection assembly performed as intended and remained intact to connect the AGT
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and bridge rail systems. Since the bolts were not modeled explicitly, their capacity was not
evaluated. Additionally, the potential for rupture and tearing of the guardrail and connection
assembly was not fully evaluated as it would have been difficult to accurately model.

The simulations with four W6x15 AGT posts performed better than the simulations with
three W6x15 AGT posts, as the general behavior and potential for snag appeared less with four
AGT posts. Additionally, simulations with the %1e-in. thick horizontal gusset plates performed
better than those with the 3/16-in. thick horizontal gusset plates. In the simulations with three AGT
posts and */16-in. thick connection assembly gusset plates, larger angles formed with the connection
assembly, which indicated rail pocketing and the potential for vehicle snag. Still frames from
simulations V10 and V13 are shown in Figures 58 and 59, respectively, which show the right-front
wheel riding underneath the rail and snagging on the connection assembly, which could produce
an undesirable test outcome. Three AGT posts with a 9-ft span to the first bridge rail post with %/1¢-
in. thick horizontal gusset plates on the connection assembly also indicated the potential for vehicle
snag. Still frames from simulations V18 and V20 are shown in Figures 60 and 61, respectively,
also show the right-front wheel snagging on the connection assembly. Thus, the configurations
with three AGT posts were not recommended for further evaluation.

Still frames from the configuration with four AGT posts, a 9-ft span to the first bridge rail
post, and >/16-in. thick horizontal gusset plates in the connection assembly (simulations V28 and
V29) also showed the right-front wheel interacting with and shagging on the lower side of the
connection assembly. Thus, the 3/16-in. thick horizontal gusset plates were not recommended for
further evaluation.

The configuration with four AGT posts, a 9-ft span to the first bridge rail post, and >/16-in.
thick horizontal gusset plates in the connection assembly performed the best and appeared to have
a potential to pass MASH test designation no. 3-21, with the occupant risk values well below
MASH thresholds. However, it was desired to utilize the standard AGT configuration with three
W6x15 AGT posts, and concept #2 was further pursued to be evaluated for feasibility.
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Overhead View Perpendicular View

Figure 38. Sequential Photographs, Concept #1, Simulation v10
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Figure 39. Sequential Images, Concept #1, Simulation v11
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Figure 40. Sequential Images, Concept #1, Simulation v1
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Overhead View Perpendicular View

Figure 41. Sequential Images, Concept #1, Simulation v13

39



December 23, 2020
MWwRSF Report No. TRP-03-411-20

0.000 sec 0.000 sec

0.100 sec 0.100 sec

0.200 sec 0.200 sec

0.300 sec 0.300 sec

0.400 sec 0.400 sec

0.500 sec 0.500 sec
Overhead View Perpendicular View

Figure 42. Sequential Images, Concept #1, Simulation v14
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Figure 43. Sequential Images, Concept #1, Simulation v15
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Figure 44. Sequential Images, Concept #1, Simulation v16
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Figure 45. Sequential Images, Concept #1, Simulation v17
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Figure 46. Sequential Images, Concept #1, Simulation v18
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Figure 47. Sequential Images, Concept #1, Simulation v19
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Figure 48. Sequential Images, Concept #1, Simulation v20
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Figure 49. Sequential Images, Concept #1, Simulation v21
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Figure 50. Sequential Images, Concept #1, Simulation v22
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Figure 51. Sequential Images, Concept #1, Simulation v23

49



December 23, 2020
MWwRSF Report No. TRP-03-411-20

0.000 sec 0.000 sec

0.100 sec 0.100 sec

0.200 sec 0.200 sec

0.300 sec 0.300 sec

0.400 sec 0.400 sec

0.500 sec 0.500 sec
Overhead View Perpendicular View

Figure 52. Sequential Images, Concept #1, Simulation v24
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Figure 53. Sequential Images, Concept #1, Simulation v25
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Figure 54. Sequential Images, Concept #1, Simulation v26
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Figure 55. Sequential Images, Concept #1, Simulation v27
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Figure 56. Sequential Images, Concept #1, Simulation v28

54



December 23, 2020
MWwRSF Report No. TRP-03-411-20

0.000 sec 0.000 sec

0.100 sec B 0.100 sec

0.130 sec 0.130 sec
Overhead View Perpendicular View

Figure 57. Sequential Images, Concept #1, Simulation v29
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Figure 58. Vehicle Interaction with System, Simulation V10

Figure 59. Vehicle Interaction with System, Simulation V13
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Figure 60. Vehicle Interaction with System, Simulation V18

Figure 61. Vehicle Interaction with System, Simulation V20
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Figure 62. Vehicle Interaction with System, Simulation V28

Figure 63. Vehicle Interaction with System, Simulation V29
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5.2 Simulation of Concept #2

Concept #2 was evaluated with MASH test designation nos. 3-21 (pickup truck) and 3-20
(small car) impacts. MASH test designation no. 3-21 was simulated with conventional impacts
originating from the thrie beam to the bridge rail (TB to BR) as well as with reverse-direction
impacts from the bridge rail to the thrie beam (BR to TB).

Several parameters were utilized to evaluate the feasibility of the concept:
1) General vehicle behavior and snag on any system components

2) Occupant risk — longitudinal and lateral OV and ORA

3) Stresses in various components compared to yield and ultimate stresses
4) Other MASH metrics

5.2.1 Test Designation No. 3-21 (Conventional Impact Direction)
Table 5 shows the matrix of the concept #2, test designation no. 3-21, thrie beam to bridge

rail simulations at several different impact points listed by simulation name and impact location in
inches upstream (US) from the last AGT post (post no. 18).

Table 5. Summary of Simulations on Concept #2, Test Designation No. 3-21 (TB to BR)

Simulation Name Impact Point
New-v1 54.6” US post no. 18
New-v2 73.4” US post no. 18
New-v3 35.9” US post no. 18
New-v4 17.1” US post no. 18
New-v5 63.5” US post no. 18

Occupant risk values for each simulation are shown in Table 6. General vehicle and system
behavior for each simulation is shown in Figures 64 through 68. The vehicle was redirected in all
simulations except New-V4, which terminated early. All the occupant risk values were below
MASH thresholds. However, simulation New-V4 did not run to completion, as denoted with an
asterisk in Table 6, so ORAs may have been higher had the simulation not terminated early. The
errors that caused the simulation to terminate early were not resolvable. However, the early
termination is likely linked to areas where large deformations were occurring within the
simulation, which may indicate vehicle snag on system components. A still frame of the vehicle
interaction with the system in simulation New-V4 is shown in Figure 69. The right-front wheel
rode underneath the rail and interacted with and snagged on the sloped portion of the transition
tube, which resulted in the model’s termination shortly thereafter. A larger lateral ORA also
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occurred at this time. Based on the results of the simulation effort, the impact point associated with

simulation New-v4, or 17.1 in. upstream from the last AGT post, would be selected as the CIP to
maximize the potential for wheel snag on the transition tubes.

Table 6. Summary of Concept #2 Simulation Results, Test Designation No. 3-21 (TB to BR)

Occupant Impact Occupant Ridedown
Simulation Velocity m/s Acceleration g’s
No. Lateral | Longitudinal | Lateral | Longitudinal
New-v1 6.7 -5.9 9.6 -6.5
New-v2 6.9 -6.2 8.4 -5.1
New-v3 6.9 -5.6 8.9 -10.2
New-v4* 6.6 -5.6 15.2 -9.7
New-v5 6.9 -6.1 8.5 -1.6

*Simulation terminated early — ORAs may be greater than recorded
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Figure 64. Sequential Images, Concept #2, Simulation New-v1
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Figure 65. Sequential Images, Concept #2, Simulation New-v2
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Figure 66. Sequential Images, Concept #2, Simulation New-v3
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Figure 67. Sequential Images, Concept #2, Simulation New-v4
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Figure 68. Sequential Images, Concept #2, Simulation New-v5
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Figure 69. Vehicle Interaction with System, Simulation new-V4

5.2.2 Test Designation No. 3-20 (Conventional Impact Direction)
Table 7 shows the matrix of the concept #2, test designation no. 3-20, thrie beam to bridge

rail simulation at several different impact points listed by simulation name and impact location in
inches upstream (US) from the last AGT post (post no. 18).

Table 7. Summary of Simulations on Concept #2, Test Designation No. 3-20 (TB to BR)

Simulation Name Impact Point
New-sc-v1 37.5” US post no. 18
New-sc-v2 56.3” US post no. 18
New-sc-v3 50.5” US post no. 18
New-sc-v4 29.6” US post no. 18
New-sc-v5 21.7” US post no. 18

Occupant risk values for each simulation are shown in Table 8. General vehicle and system
behavior for each simulation is shown in Figures 70 through 74. The vehicle was redirected in all
simulations except New-sc-V3 and New-sc-V4, which terminated early. All the occupant risk
values were below MASH thresholds. However, simulations New-sc-V3 and New-sc-V4 did not
run to completion, as denoted with an asterisk in Table 8, so ORAs may have been higher had the
simulations not terminated early. The errors that caused the simulation to terminate early were not
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resolvable. However, the termination is likely linked to areas where large deformations were
happening within the simulation which may indicate vehicle snag on system components.

A still frame of the vehicle interaction with the system in simulation New-sc-V3 is shown
in Figure 75. The right-front wheel rode underneath the rail and interacted with the front face of
the last AGT post, which resulted in model termination. A larger lateral ORA also occurred at this
time.

A still frame of the vehicle interaction with the system in simulation New-sc-V4 is shown
in Figure 76. The right-front wheel extended and rode underneath the transition tubes with the
potential to interact with and snag on the sloped portion of the transition tube, which resulted in
model termination. Due to the early model termination, it is believed that the lateral and
longitudinal ORA values would be much greater if the right-front wheel snagged on the sloped
portion of the transition tubes.

A still frame of the vehicle interaction with the system in simulation New-sc-V5 is shown
in Figure 77. The right-front wheel extended underneath the transition tubes and slightly contacted
the first bridge rail post before traversing past it. Since the small car tire in test no. STBR-3
overlapped with the bridge rail post several inches, this tire snag on the bridge rail post was
believed to be less severe and not of concern.

Simulations New-sc-v1 and New-sc-v2 were similar to simulations New-sc-v4 and New-
sc-v3, respectively, but resulted in decreased snag potential. Thus, the impact points in simulations
New-sc-v1 and New-sc-v2 were not believed to be critical. Based on the results of the simulation
effort, the impact point associated with simulation New-sc-v4, or 29.6 in. upstream from the final
AGT post, would be selected as the CIP to maximize the potential for wedging the wheel
underneath the transition tubes and snagging on the sloped portion of the transition tubes.

Table 8. Summary of Concept #2 Simulation Results, Test Designation No. 3-20 (TB to BR)

Occupant Impact Occupant Ridedown
Simulation No. Velocity m/s Acceleration g’s
Lateral Longitudinal | Lateral Longitudinal
New-sc-v1 9.1 -6.9 10.7 -11.8
New-sc-v2 8.6 -7.9 15.7 -12.0
New-sc-v3* 8.1 -7.6 18.3 -11.0
New-sc-v4* 8.8 -7.1 5.8 -8.5
New-sc-v5 8.4 -7.1 11.7 -12.6

*Simulation terminated early - ORAs may be greater than recorded

67



December 23, 2020
MwRSF Report No. TRP-03-411-20

0.000 sec 0.000 sec

0.050 sec

0.100 sec

0.150 sec 0.150 sec

0.200 sec 0.200 sec

0.250 sec 0.250 sec

Overhead View Perpendicular View

Figure 70. Sequential Images, Concept #2, Simulation New-sc-v1
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Figure 71. Sequential Images, Concept #2, Simulation New-sc-v2
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Figure 72. Sequential Images, Concept #2, Simulation New-sc-v3
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Figure 73. Sequential Images, Concept #2, Simulation New-sc-v4
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Figure 74. Sequential Images, Concept #2, Simulation New-sc-v5
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Figure 76. Vehicle Interaction with System, Simulation New-sc-v4
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Figure 77. Vehicle Interaction with System, Simulation New-sc-v5

5.2.3 Test Designation No. 3-21 (Reverse Direction)
Table 9 shows the matrix of the concept #2, test designation no. 3-21, bridge rail to thrie

beam simulation at several different impact points listed by simulation name and impact location
in inches upstream (US) from the thrie-beam terminal connector.

Table 9. Summary of Simulations on Concept #2, Test Designation No. 3-21 (BR to TB)

Simulation Name Impact Point
New-rev-v1l 72 US from end shoe
New-rev-v2 125 US from end shoe
New-rev-v3 84 US from end shoe

Occupant risk values for each simulation are shown in Table 10. General vehicle and
system behavior for each simulation are shown in Figures 78 through 80. The vehicle was
redirected in all the simulations. All the occupant risk values were below MASH thresholds.

Since there were no system components that showed the potential for snag in impacts from
the bridge rail to the thrie beam (from a stiff system to a less stiff system), testing was not deemed
critical.
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Summary of Concept #2 Simulation Results, Test Designation No. 3-21 (BR to TB)

Occupant Impact Velocity

Occupant Ridedown

Simulation Name m/s Acceleration g’s
Lateral Longitudinal Lateral | Longitudinal
New-rev-vl -1.3 -8.5 -12.9 -10.2
New-rev-v2 -8.5 -5.8 -11.6 -3.4
New-rev-v3 -7 -5.1 -14.3 -9.8
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0.500 sec 0.500 sec
Overhead View Perpendicular View

Figure 78. Sequential Images, Concept #2, Simulation New-rev-v1
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Overhead View Perpendicular View

Figure 79. Sequential Images, Concept #2, Simulation New-rev-v2
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0.000 sec 0.000 sec

0.200 sec 0.200 sec

0.300 sec 0.300 sec

0.310 sec 0.310 sec

Overhead View Perpendicular View

Figure 80. Sequential Images, Concept #2, Simulation New-rev-v3
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5.3 Discussion and CIP Selection

The CIP for test designation no. 3-21 in the conventional direction was determined from
computer simulation to be 17 in. upstream from the last W6x15 AGT post to maximize occupant
risk values and the potential for snagging on sloped end of the upper transition tube and the first
bridge rail post.

The CIP for test designation no. 3-20 in the conventional direction was determined from
computer simulation to be 30 in. upstream from the last AGT post to maximize wedging of the
small car tire underneath the sloped transition tubes and the potential for snagging on the posts.
Although the occupant risk values were lower in this simulation compared to other simulations,
the accelerations with the small car were less reliable, and thus were not used to evaluate the small
car simulations.

Reverse-direction impacts with test designation no. 3-21 showed no indication of
significant pocketing or snag. Additionally, the system behaved similar to the bridge rail length-
of-need impacts. Since test no. STBR-2 on the length-of-need bridge rail was successful, the test
on the transition from the bridge rail to the thrie beam should also be successful [6-7]. The
simulated occupant risk values were all below MASH limits, and the reverse-direction simulation
results were less severe than those of the conventional-direction impacts. Thus, this test was
deemed not critical for testing.

Reverse-direction impacts with test designation no. 3-20 were not simulated. However, it
was believed that a reverse-direction impact to the transition tube rails would behave similarly as
the bridge rail length-of-need impacts. Since test no. STBR-3 on the length-of-need bridge rail was
successful, the test on the transition from the bridge rail to the thrie beam should also be successful
[6-7]. Thus, this test was deemed not critical for testing.
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6 TEST REQUIREMENTS AND EVALUATION CRITERIA
6.1 Test Requirements

AGTs must satisfy impact safety standards in order to be declared eligible for federal
reimbursement by the FHWA for use on the National Highway System (NHS). For new hardware,
these safety standards consist of the guidelines and procedures published in MASH 2016 [5]. Note
that there is no difference between MASH 2009 and MASH 2016 for AGTs like the system
developed and tested herein except that additional occupant compartment deformation
measurements, photographs, and documentation are required by MASH 2016. According to TL-3
of MASH 2016, AGT systems must be subjected to two full-scale vehicle crash tests, as
summarized in Table 11. Both crash tests are recommended for evaluation of the AGT with the
CIPs as recommended by the computer simulation effort.

Table 11. MASH 2016 TL-3 Crash Test Conditions for Approach Guardrail Transitions [5]

Test Vehicle Impact Conditions .
Test Designation | ., €t Weight Evaluation
Article Iglo Vehicle (Ib% Speed Angle Criteria®
' (mph) (deg.)
Longitudinal 3-20 1100C 2,420 62 25 A,D,FH,I
Barrier 3-21 2270P | 5,000 62 25 AD,FH,I

! Evaluation criteria explained in Table 12

Recent testing of AGTs has illustrated the importance of evaluating two different transition
regions along the length of the AGT: (1) the downstream transition where the thrie beam connects
to the bridge rail and (2) the upstream stiffness transition where the W-beam guardrail transitions
to a stiffer thrie beam barrier. Additionally, the 34-in. tall AGT described herein was designed for
use both before and after roadway overlays, which effectively changes the barrier height relative
to the roadway surface. The combination of these MASH tests, different transition regions, and
pre- and post-overlay barrier configurations resulted in a total of eight recommended tests, but not
all of them were considered critical or necessary to evaluate the performance of the new AGT.

The upstream stiffness transition of the 34-in. tall AGT was specifically designed to
replicate the MASH-crashworthy MGS stiffness transition [32-33]. Upon initial installation, the
only difference between the two systems was that the 34-in. tall AGT utilized a symmetric W-to-
thrie transition rail instead of an asymmetric transition rail. Since the W-beam upstream from the
transition rail was mounted at its nominal 31-in. height, vehicles impacting this region of the
barrier should not extend over the rail and roll excessively. Additionally, the bottom of the
symmetric transition rail has a shallower slope, which would produce less snag if a small vehicle
tried to wedge underneath the rail. Thus, there were no concerns about vehicle stability and/or snag
on the upstream stiffness transition of the 34-in. tall AGT prior to a roadway overlay.

After the roadway overlay, the symmetric rail segment is replaced by an asymmetric rail
and the W-beam is raised 3 in. on the post to maintain its nominal 31-in. mounting height. Thus,
after an overlay, the upstream stiffness transition is essentially identical to the MGS stiffness

80



December 23, 2020
MwRSF Report No. TRP-03-411-20

transition. Since the MGS stiffness transition was previously subjected to and successfully passed
MASH TL-3 criteria, the upstream stiffness transition within the 34-in. tall AGT would be MASH
TL-3 crashworthy as well. Therefore, all crash testing of the upstream stiffness transition, both
before and after an overlay, was deemed non-critical.

At the downstream end of the AGT, there were concerns about the strength of the
connection hardware, the stiffness of the system within the 9-ft span between adjacent transition
and bridge rail posts, and the potential for vehicle snag on the system components. Although these
concerns applied to the AGT both before and after a roadway overlay, the increased height of the
34-in. tall thrie beam prior to an overlay increased the propensity for vehicle snag. The front ends
and wheels of both small cars and pickup trucks were susceptible to excessive snag by extending
below the rail and impacting the sloped portions of the transition tubes rails and the bridge rail
posts. As such, both MASH crash tests were determined to be critical in evaluating the
crashworthiness of the downstream end of the 34-in. tall AGT.

After a 3-in. overlay, the thrie beam would be at its nominal 31-in. height relative to the
roadway surface and the opening below the rails would be smaller. As such, the potential for
vehicle snag on the system components would be decreased. Subsequently, testing of the
downstream end of the AGT after the application of a roadway overlay was deemed non-critical,
as testing with the taller rails (before overlay) would be more critical for vehicle snag. Thus, only
two full-scale tests were recommended for evaluating the crashworthiness of the AGT, and MASH
test designation nos. 3-20 and 3-21 were conducted on the downstream end of the transition with
the rail mounted 34 in. above the roadway surface (pre-overlay configuration).

It should be noted that the test matrix detailed herein represents the researchers’ best
engineering judgement with respect to the MASH 2016 safety requirements and their internal
evaluation of critical tests necessary to evaluate the crashworthiness of the guardrail transition.
However, these opinions may change in the future due to the development of new knowledge
(crash testing, real-world performance, etc.) or changes to the evaluation criteria. Thus, any tests
within the evaluation matrix deemed non-critical may eventually need to be evaluated based on
additional knowledge gained over time or revisions to the MASH 2016 criteria.

6.2 Evaluation Criteria

Evaluation criteria for full-scale vehicle crash testing are based on three appraisal areas:
(1) structural adequacy; (2) occupant risk; and (3) vehicle trajectory after collision. Criteria for
structural adequacy are intended to evaluate the ability of the transition to contain and redirect
impacting vehicles. In addition, controlled lateral deflection of the test article is acceptable.
Occupant risk evaluates the degree of hazard to occupants in the impacting vehicle. Post-impact
vehicle trajectory is a measure of the potential of the vehicle to result in a secondary collision with
other vehicles and/or fixed objects, thereby increasing the risk of injury to the occupants of the
impacting vehicle and/or other vehicles. These evaluation criteria are summarized in Table 12 and
defined in greater detail in MASH 2016. The full-scale vehicle crash test was conducted and
reported in accordance with the procedures provided in MASH 2016. 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.
Additional discussion on PHD, THIV and ASI is provided in MASH 2016.

81



December 23, 2020
MwRSF Report No. TRP-03-411-20

Table 12. MASH 2016 Evaluation Criteria for Approach Guardrail Transitions [5]

Structural
Adequacy

A

Test article should contain and redirect the vehicle or bring the vehicle
to a controlled stop; the vehicle should not penetrate, underride, or

test article is acceptable.

override the installation although controlled lateral deflection of the

Occupant
Risk

should not penetrate or show potential for penetrating the occupant

Detached elements, fragments or other debris from the test article

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
5.2.2 and Appendix E of MASH 2016.

The vehicle should remain upright during and after collision. The

maximum roll and pitch angles are not to exceed 75 degrees.

Occupant Impact Velocity (O1V) (see Appendix A, Section A5.2.2 of
MASH 2016 for calculation procedure) should satisfy the following
limits:

Occupant Impact Velocity Limits

Component Preferred Maximum

30 ft/s 40 ft/s

Longitudinal and Lateral

The Occupant Ridedown Acceleration (ORA) (see Appendix A,
Section A5.2.2 of MASH 2016 for calculation procedure) should
satisfy the following limits:

Occupant Ridedown Acceleration Limits

Component Preferred Maximum

Longitudinal and Lateral 15.0g’s 20.49 g’s

6.3 Soil Strength Requirements

In accordance with Chapter 3 and Appendix B of MASH 2016, foundation soil strength
must be verified before any full-scale crash testing can occur. During the installation of a soil
dependent system, W6x16 posts are installed near the impact region utilizing the same installation
procedures as the system itself. Prior to full-scale testing, a dynamic impact test must be conducted
to verify a minimum dynamic soil resistance of 7.5 kips at post deflections between 5 and 20 in.
measured at a height of 25 in. If dynamic testing near the system is not desired, MASH 2016
permits a static test to be conducted instead and compared against the results of a previously
established baseline test. In this situation, the soil must provide a resistance of at least 90% of the
static baseline test at deflections of 5, 10, and 15 in. Further details can be found in Appendix B

of MASH 2016.
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7 DESIGN DETAILS

The AGT test installation was approximately 137 ft — 9 in. long and consisted of five major
components: (1) a guardrail anchorage system; (2) standard Midwest Guardrail System (MGS);
(3) a 34-in. tall approach guardrail transition; (4) a 39-in. tall steel-tube bridge rail; and (5) the
AGT connection hardware developed herein to attach thrie beam guardrail to the bridge rail.
Design details for test nos. STBRT-1 and STBRT-2 are shown in Figures 81 through 115.
Photographs of the test installation are shown in Figures 116 and 118. Material specifications, mill
certifications, and certificates of conformity for the system are shown in Appendix B.

The breakaway cable terminal (BCT) guardrail anchorage system utilized to anchor the
upstream region of the test installation consisted of timber posts, connection hardware, foundation
tubes, anchor cable, bearing plate, rail bracket, and channel strut. BCT posts consisted of wooden
posts embedded in 72-in. long foundation tubes. Longitudinal stiffness and strength were provided
to the guardrail by the BCT ground strut and anchorage assembly. The guardrail anchorage system
has been MASH TL-3 crash tested as a downstream trailing end terminal [34-37].

The MGS section was 43.75 ft long and consisted of 12-gauge W-beam mounted to
W6x8.5 guardrail posts spaced at 75 in. on-center. The W-beam had a top mounting height of 31
in. The MGS section utilized 12-in. deep timber blockouts.

The 34-in. tall AGT consisted of a 10-gauge, symmetric, W-to-thrie beam rail transition
rail segment; 6.25 ft of 12-gauge thrie beam; and 12.5 ft of nested 12-gauge thrie beam. A 10-
gauge thrie beam terminal connector was sandwiched between the nested thrie beam rails at the
downstream end of the guardrail and connected to the upstream end of the steel bridge rail
transition tubes. The AGT posts used a combination of standard W6x8.5 guardrail posts at various
spacings and W6x15 posts spaced at 37.5 in. on-center. Post details, including lengths, embedment
depths, and spacings for the 34-in. tall AGT are shown in Figure 99.

The transition to the steel bridge rail consisted of four specialized transition tubes. Two
119%-in. long HSS8x6xY4 steel rails were used to connect the thrie beam terminal connector to the
bridge rails. These transition rails included a 2-in. height transition near their middle to match up
with the heights of the AGT rail and the bridge rail tubes. A 6H:1V vertical taper was used on the
height transition to reduce snag severity. A 36-in. long HSS6x4xY%4 tube was sandwiched between
the lower and middle transition rails and incorporated a 3:1 lateral taper to mitigate vehicle snag
on the terminal connector during reverse-direction impacts. The top transition rail assembly was
44y, in. long and consisted of HSS12x4xY. segments and a %s-in. thick bent plate. The top transition
rail was sloped downward at a 2H:1V slope and welded to the bent plate. The bent plate fit against
the top and back sides of the middle transition rail and was secured with two %:-in. diameter bolts.
The three transition rails were connected to the bridge rail tubes using the same hardware as the
bridge rail splices.

Two fabricators were consulted about the best practice to assemble the welded tube
assemblies, and two sets of the transition tube rails were obtained, one from each manufacturer.
Both fabricators used full penetration welds with backing plates on the inside of the lower and
middle transition tubes in lieu of bevel welds. The final fabricator details of the transition
components utilized in test no. STBRT-1 are shown in Appendix C. For test no. STBRT-2, the
fabricator specified these welds with weld detail B-U2a-GF. It is recommended that full
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penetration welds are utilized on the lower and middle transition tube assemblies to ensure
adequate system capacity.

The 39-in. tall steel bridge rail was approximately 50 ft long and consisted of seven W6x15
bridge rail posts, an HSS12x4xY4 top tube rail, and two HSS6x8x¥%4 (lower and middle) tube rails.
The bridge rail posts were spaced at 8 ft on-center and mounted to the side of a simulated bridge
deck used previously in the full-scale crash testing of the new steel-tube bridge rail.
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galvanizing processes, it is recommended to use gussets or shim blocks.

(2) Material and treatment specifications for all parts are found in the Bill of
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2" >
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PLAN VIEW
[ 30 ' ———— -
Ts5/16"
ELEVATION VIEW
Part b1
+
T3/8”
PLAN VIEW
f 30" -
| |2 5/8"
%

ELEVATION VIEW

Materials starting on sheet no. 33. s R SHEET:
ltem o Material Treatment OH—IL Transition e
No. | QTY. Description Specificcljtion Specification ' e of 35
0 T ey = o to MGS Guardrail DATE:
_ pper Splice Tube Assembly — Option _ R
2 |1 A5TM A28 Test Series STBRT Lo
[DRAWN BY: |
b1 2 |30"x10 5/8"x5/16" Plate ASTM A572 Gr. 50| See Assembly . . Upper Splice Tube Assembl
Midwest Roadside| " o e
HIt DWG. NAME. SCALE: 1:11  [REV. BY:
b2 | 2 [30"x2 5/8°x3/8” Plate ASTM A572 Gr. 50| See Assembly Safety Facility [ I

Figure 88. Upper Splice Tube Assembly, Test Nos. STBRT-1 and STBRT-2
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Middle/Lower Splice Tube Assembly

OH—=IL Transition
to MGS Guardrail

Midwest Roadside
Safety Facility
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i | | |
e
(TYP)
PLAN VIEW
k- —— 30— A9
Ts5/18"
ELEVATION VIEW
Part b8
Notes: (1) To help hold the shape of the splice assembly through the welding and galvanizing
processes, it is recommended to use gussets or shim blocks.
(2) Material and treatment specifications for all parts are found in the Bill of Materials
starting on sheet no. 33.
ltem g Material Treatment
No. |QTY- Description Specification Specification
_ 6 P%Mddle/Lower Splice Tube Assembly — Option _ ASTM A123
b7 | 2 [30"x6 5/8"x3/8" Plate ASTM 4372 Cr. | see Assembly
b8 | 2 [30"x4 5/8"x5/16” Plate ASTM 2372 Or- | see Assembly

SHEET:
9 of 35

DATE:

Test Series STBRT L
DRAWN BY:
Middle/Lower Splice Tube LJP/JRF/SB
Assembly W
DWG. NAME. SCALE: 1:11 REV. BY:
STBRT 1-2_R14 UNITS: in. JEK/SKR/J
DR

Figure 89. Middle/Lower Splice Tube Assembly, Test Nos. STBRT-1 and STBRT-2
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Top Bridge Rail

Middle Transition Termination Assembly :%44”
Nested I OR)
@ .
i i | [
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= 39"
34" | o | oo T
1 o P i
®) 1. b
Ground l
Line =
el '
! I
49" I b d |
| o
B
B S
Bottom Transition
Rail Assembly Existing bridge deck from
test STBR-3
LA
i 108"
OH—IL Transition
to MGS Guardrail
Test Series STBRT
Notes: (1) Part a6 should be sandwiched between nested parts ai. Midwest Roadside Transition’ Laysut
2 Material and treatment specifications for all parts are found in the Bill Safety Facilit DWG. NAME. SCALE: 1:20
of Materials starting on sheet no. 33. Yy Yy STBRT 1-2_R14 UNITS: in.

Figure 90. Transition Layout, Test Nos. STBRT-1 and STBRT-2
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Notes:
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Part a6 should be sandwiched between nested parts a1.

Material and treatment specifications for all parts are found

in the Bill of Materials starting on sheet no. 33.

Top Bridge Rail

Termination Assembly

Middle Transition
Rail Assembly

Angled Cut
Tube Assembly

Bottom Transition
Rail Assembly

DETAIL G

Midwest Roadside

OH-IL Transition
to MGS Guardrail
Test Series STBRT

Transition Details

Safety Facility

DWG. NAME.
STBRT 1-2_R14

SCALE: 1:10
UNITS: in.

Figure 91.

Transition Details, Test Nos. STBRT-1 and STBRT-2
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ELEVATION VIEW PLAN VIEW
Angled Cut
Tube Assembly
13"
(o]
(o)) 6" 22"
o 1144.. M
TYP ~ (e -
( j [ (TvP) 1 (TvP) :
A
3 3/4" (TL';)—J - ! l R1/4” 4_.: 6{‘
(T¥P) M \ ]
ELEVATION VIEW SECTION M—M A
_t ELEVATION VIEW
L /4" Part h1
PLAN VIEW
Part h2
Notes: (1) Material and treatment specifications for all parts are found :
in the Bill of Materials starting on sheet no. 33. OH-IL Transition ?:ES‘H’
lhegl QrY. Description Material Specification |[Treatment Specification to MGS Guardrail DATE:
“ 1/12/2020
- 1 |Angled Cut Tube Assembly - ASTM 123 Test Semes SIBRL I
ful ! Er?;eg”)gﬂ,tﬂ u‘tt);' 36" Long ASTM A500 Gr. C See Assembly Midwest Roadside Ariled S el Rasemsiy ——
HRR DWG. NAME. SCALE: 1:9  [REV. BY:
h2 | 1 [13"x3 3/4"x1/4" Plate ASTM A572 Gr. 50 See Assembly Safety Facility [TME NTs: ‘;%K/sm/d

Figure 92. Angled Cut Tube Assembly, Test Nos. STBRT-1 and STBRT-2
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@ ELEVATION VIEW
Middle Transition Rail Assembly
119 5/8”"
1/4"
0 /
o]
[e]
| o

(9

ELEVATION VIEW

Bottom Transition Rail Assembly

'F\?CT QrY. Description Material Specification |Treatment Specification

— | 1 |Middle Transition Rail Assembly ASTM A500 Gr. C ASTM A123 Notes: (1)
he | 1 |HSS,8%6x1 /4" 82 15/16” Long| sty A500 Gr. C See Assembly

w7 | 4 [BERB as s 45 V8 ere | usii 500 . € See Assembly @)

HSS 87x6"x1/4”, 12 7/8” Long

h8 | 1 ITransition Rdil

ASTM A500 Gr. C

See Assembly

Fabricator—Please provide opinion if the specified
bevel welds will obtain full strength of the section
or if an alternate weld would provide better
strength. These will be critically loaded parts.
Material and treatment specifications for all parts
are found in the Bill of Materials starting on sheet
no. 33.

Ikeg.'\ QrY. Description

Material Specification

Treatment Specification

— | 1 |Bottom Transition Rail Assembly

ASTM A500 Gr. C

ASTM A123

h8 | 1

ASTM A500 Gr. C

OH-IL Transition
to MGS Guardrail
Test Series STBRT

See Assembly

HSS 87x67x1/4”, 12 7/8" Long

Transition Rail
15/16" Lon
h9 | 1 Bottom Transition Rail / 4

ASTM A500 Gr. C

See Assembly

HSS 8"x6"x1/4", 62
HSS 87"x6"x1/4", 45 3/8" Lon
h10| 1 Bottom Tronétion Rcil/ d

ASTM A500 Gr. C

See Assembly

Midwest Roadside
Safety Facility

Middle/Bottom Transition Rail
Assemblies

DWG. NAME.
STBRT 1-2_R14

SCALE: 1:16
UNITS: in.

Figure 93. Middle/Bottom Transition Rail Assemblies, Test Nos. STBRT-1 and STBRT-2
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Notes:

M

Part h8

Material and treatment specifications for all parts are found

in the Bill of Materials st

62 15/16"
31" —'r 16" _i
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3*" e 7
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PLAN VIEW L
®1” THRU
2 3/8"_—L 37" 5"_.| (TYP) __1 6" |’_
1 ¥ o
T ) ey
1137167 | . 11/16" ,1/4
- 62 1/4 | R(T1Y/é.)
ELEVATION VIEW PROFILE VIEW
Part h6
12 7/8" .
e W
1/4" Y
. | \ Gty—t |
1 (1 ;e)s 12( T%;s ™
ELEVATION VIEW PROFILE VIEW

arting on sheet no. 33.

45 3/8”"

6" 4

i
®7/8" X 2 1/2"/ 1"

THRU
PLAN VIEW

44 11/16"

3 5/8"——fef-—21 13/16”—-f 1/8"
@

' 4 & 1

5. ¢7/(ET§;PT)HRU

35 15/16"

ELEVATION VIEW
Part h7

{
[
2 1/8”  (TYP)

—=] 6"1__

PROFILE VIEW

OH-IL Transition
to MGS Guardrail
Test Series STBRT

Midwest Roadside
Safety Facility

Details

Transition Rail Component

DWG. NAME.
STBRT 1-2_R14

SCALE: 1:18
UNITS: in.

Figure 94. Transition Rail Component Details, Test Nos. STBRT-1 and STBRT-2
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62 15/16"
®7/8" x 1 7/8"
{ THRU 7~
! 31" 16”
PLAN VIEW
f 37" 8" @1” THRU
1 13/16”l|- ﬁ' [ (TvP) o &
)
I ,,l/ 1/4"of %
2 3/8"F R1/4
,L 62 1/4" —! 11/18" (TY/P) -/
ELEVATION VIEW
Part h9 PROFILE VIEW
45 3/8"
@7/8" X 2 1/2"
THRU_k
Yy e | °
. |t
- 8" ——4 5/8”
PLAN VIEW
11/18" i 44 11/16" _i 2 1/8 o 8
® I 81" —-—1/4
= et 2 R1/4”
#7/8" THRU Lo 18 (TYP)
(TYP) 3 5/8" 21 13/16"
PROFILE VIEW
ELEVATION VIEW ™ SHEET:
Part h10 OH—=IL Transition 15 of 35
to MGS Guardrail DATE:
Test Series STBRT U el
" " Transition Rail Component E\T:;v;;:g
Notes: (1) Material and treatment specifications for all parts are found Midwest ROO,dSIde Details i
in the Bill of Materials starting on sheet no. 33. Safety Facility [P% we FCALE: 3:12 ‘FEV' B
STBRT 1-2_R14 UNITS: in. SERK/SKR/J

Figure 95. Transition Rail Component Details, Test Nos. STBRT-1 and STBRT-2
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43 5/8"

Notes: (1)

PLAN VIEW /69

1/4"

| 44 1/8"

ELEVATION VIEW
Top Bridge Rail Terminal Assembly

strength of the section or if an alternate weld would provide better

strength. These will be critically loaded parts.

(2) Material and treatment specifications for all parts are found in the Bill of

Materials starting on sheet no. 33.

Fabricator—Please provide opinion if the specified bevel welds will obtain full

30 1/8"
25 3/8"
21 7/8"
—10 5/8"—] )
; i j 5/8
2: 3747
5 1/4" —— & ”
T
e o @ |
7/8" THRU | 7/8" X 2 1/2”
@ /(TYP) o {HRU (TyP
PLAN VIEW
» 12" Rl
f 1/4
:\ (14F’) I~ 4"
13.\.‘ R1/4”
!\-’ 29 3/16" | (P)
ELEVATION VIEW PROFILE VIEW
Part h5

Assembly

I’heor? QrY. Description Material Specification S;;?:?ftirgaet?gn
_ 1 Top Bridge Rcil Termination _ ASTM A123

h3

1 |13"x10 3/8"x1/4” Bent Plate ASTM A572 Gr. 50

See Assembly

h4

1 [12"x47x1/47, 15" Long Sloped

Transition Rail ASTM A500 Gr. C

See Assembly

Midwest Roadside

h&

1 [127x47x1/47, 30 1/8” Long

Transition Rail ASTM A500 Gr. C

See Assembly

Safety Facility

OH-IL Transition
to MGS Guardrail
Test Series STBRT

Top Bridge Rail Termination

Assembly

DWG. NAME.
STBRT 1-2_R14

SCALE: 1:12
UNITS: in.

Figure 96. Top Bridge Rail Termination Assembly, Test Nos. STBRT-1 and STBRT-2
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ELEVATION VIEW
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2 3/16”
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/2"

Notes: (1)

Lqﬂ/a" X 1 7/8”J

THRU

ELEVATION VIEW

]
7/8"*1—»

R3/4"—

Part h4

5 3 /4"—_‘
im /2"

/4"

PROFILE VIEW

Part h3

Material and treatment specifications for all parts are found
in the Bill of Materials starting on sheet no. 33.

12"
7, N
o
{
R1/4”
L1/4" N (T\/P)
PROFILE VIEW
10 3/8"
| —UP 90°
/ R1/2"
13"
—I= —I= 7 Afon
FLAT PATTERN

Midwest Roadside
Safety Facility

OH-IL Transition
to MGS Guardrail
Test Series STBRT

Top Bridge Rail Termination

Pieces

DWG. NAME.
STBRT 1-2_R14

SCALE: 1:5
UNITS: in.

Figure 97. Top Bridge Rail Termination Pieces, Test Nos. STBRT-1 and STBRT-2

0Z-TTH-€0-ddL "ON Hoday 4SHMIA

0202 ‘€2 JaquiadaQ



¢0T

‘——4 spaces @ 37 1/2" = 150"ﬂ——

L0

i1

@5
N
N
]

hOnoé

spacei (?5' 37 1/2" 37 1/2.,4‘

n__f

PLAN VIEW
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2

DETAIL H
SCALE 1:10

=
i

SCALE 1:12

Note:

(1)  Part f3, 2” long guardrail bolts used at splice locations

with nested thrie beam only

(2) The upstream end of part a3 is rotated upward 3/4” to
accommodate the 31" MGS guardrail height.

(3) At post 11, only the top bolt should be installed.

(4) Material and treatment specifications for all parts are

of Materials starting on sheet no. 33.

found in the Bill

Midwest Roadside

OH-IL Transition
to MGS Guardrail
Test Series STBRT

W—Beam to Thrie Beam

Transition

Safety Facility

DWG. NAME.
STBRT 1-2_R14

SCALE: 1:45
UNITS: in.

Figure 98. W-Beam to Thrie Beam Transition, Test Nos. STBRT-1 and STBRT-2
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. @ L ¥ ] B
' = ] - 1
B
= - - @X
RLE 33" 347 34"
> @ : &
% @ 2 @ a
Ground
Line
52"
SECTION J—J
Post Nos. 3—10 SECTION K—K SECTION L—L
PostHes 11 Post Nos. 12—16
SECTION M—M
Post Nos. 17—-19
o : [SHEET:
Note: (1) glcT system may have routed blockouts or may use nails to prevent OH—IL Transition il
ockout rotation.
(2) Only the top bolt is installed at Post no. 11. to MGS Guardrail DATE:
(3) Material and treatment specifications for all parts are found in the Bill of . 1/12/2020
Materials starting on sheet no. 33. Test Series STBRT
Post Sections ol
. . os /
Midwest Roadside L
Sofety FGCIllty DWG. NAME. [SCALE: 1:20  [REV. BY:
STBRT 1-2_R14 UNITS: in. g%K/SKR/J

Figure 99. Post Sections, Test Nos. STBRT-1 and STBRT-2
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PLAN VIEW PLAN VIEW PLAN VIEW L

__1 3/4" ] i PLAN VIEW
J_F_ FL a 34—
" LI ] 1 3/4"
4 1/8 4 1/8 [P ”
7/ & / \\— 1" . ——I I-—1
K Pz | \_Lr—
7 578" ) 1/an | o 4 1/8 1 Mg
r T R
» 3" \ 7 8"
TS ~ N g3/4” /
3/4" /P
W
_.7/L__
_.7/_,._
72" o
72 72 .
S
<
ELEVATION VIEW ELEVATION VIEW
Part d3 Part d4
o - - B OH-IL Transition
ELEVATION VIEW RRRE R sl to MGS Guardrail
R 5 Test Series STBRT
B . AGT Post Details
Notes: (1)  Material and treatment specifications for all parts are found Midwest ROO.d‘SIde W TAE e
in the Bill of Materials starting on sheet no. 33. SOfetY FGC‘“ty SfiRT I-BURiE ——

Figure 100. AGT Post Details, Test Nos. STBRT-1 and STBRT-2
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ELEVATION VIEW PROFILE VIEW
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” 12"
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7 ;l 8” \ »
/ N_ ?%/}:‘45 19”
J——Q
e
ELEVATION VIEW PROFILE VIEW
Part d7
Notes: (1) Material and treatment specifications for all parts are found
in the Bill of Materials starting on sheet no. 33.
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ELEVATION VIEW

PROFILE VIEW

Part d8

~ 1 3/
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_1_

7 1/8"

No

]

ELEVATION VIEW

—

- ¥

PROFILE VIEW

Part d9

Midwest Roadside
Safety Facility

OH-IL Transition
to MGS Guardrail
Test Series STBRT

W—beam and thrie beam

blockouts

DWG. NAME.
STBRT 1-2_R14

SCALE: 1:13
UNITS: in.

Figure 101. W-Beam and Thrie Beam Blockouts, Test Nos. STBRT-1 and STBRT-2
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I N—R3/16" i
1t 7 1/2”
PLAN VIEW PLAN VIEW
3" "
1!! 4" 2 3 4
w —+ P
O—T 1
7 1/8"
177 @
&
23 7/8"
46"
. S
72”
17 1/2”
3 3/4”—-—-l
ELEVATION VIEW PROFILE VIEW
Part c1
SHEET:
OH—IL Transition 22 of 35
to MGS Guardrail DATE:
ELEVATION VIEW PROFILE VIEW Test Series STBRT 1/12/2020
Part c2 DRAWN BY:
Notes: (1) Material and treatment specifications for all parts are found Midwest Roadside e o Tomeerer® s
H HR DWG. NAME. SCALE: 1:16 |REV. BY:
in the Bill of Materials starting on sheet no. 33. SOfety FGCIIIty STBRT 1-2_R14 UNITS: in. EERK/SKR/J

Figure 102. Anchor Components, Test Nos. STBRT-1 and STBRT-2
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Notes:

Q)

Material and treatment specifications for all parts are found in the

Bill of Materials starting on sheet no. 33.

03” N<_|
' 49 1/4" i
il s L _
= - Ese—— —
3" \/’ 1 T
L c4 \@ i
RS = :
i o 1 |
4} 6 ) :
- | 40"
1
|
| L1y
1
]
1
]
1

1

g2

SECTION N—N

Midwest Roadside
Safety Facility

OH-IL Transition
to MGS Guardrail
Test Series STBRT

Upstream Anchorage

DWG. NAME.

STBRT 1-2_R14

SCALE: 1:28
UNITS: in.

Figure 103. Upstream Anchorage, Test Nos. STBRT-1 and STBRT-2
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f1

DETAIL O

DETAIL P

DETAIL R

DETAIL Q

Notes: (1) Material and treatment specifications for all parts are found
in the Bill of Materials starting on sheet no. 33.

Midwest Roadside
Safety Facility

OH-IL Transition
to MGS Guardrail
Test Series STBRT

Upstream Anchorage Details

LJP/JRF /SB
LIPS RE/

DWG. NAME.
STBRT 1-2_R14

SCALE: 1:8
UNITS: in.

REV. BY:
JEK/SKR/J
JEK/SKR/

Figure 104. Upstream Anchorage Details, Test Nos. STBRT-1 and STBRT-2
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80”

Notes: (1)

50"

\933/4" 6x19 IWRC IPS Cable

ELEVATION VIEW
S Part c4

15»

7" { ’——5"——
NS
| L [
1” Dia. Hex Nut—/ g1 1/4"

@1 1/2"
1" Dia. Standard Swaged Fitting

Plain Round Washer

1" —8 Stud
Threaded Entire Length
DETAIL S
SCALE 1:5
Material and treatment specifications for all parts are found Midwest ROO,d,Slde
in the Bill of Materials starting on sheet no. 33. Safety Facility

OH-IL Transition
to MGS Guardrail
Test Series STBRT

BCT Anchor Cable

DWG. NAME.
STBRT 1-2_R14

SCALE: 1:10
UNITS: in.

Figure 105. BCT Anchor Cable, Test Nos. STBRT-1 and STBRT-2
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Part c6

Notes: (1) Material and treatment specifications for all parts are found

in the Bill of Materials starting on sheet no. 33.

8"
" il e B
. | /8"
» ” /—¢1 1/8 B
a1 U ’—_1 1/2 3/8«”— ‘
&\ | 8" |
2 3/4 T H —3,‘ _
f f i L
ELEVATION. ViEW A YW ELEVATION VIEW PROFILE VIEW
Anchor Braket End Plate Part ¢5
&
$2 3/8”"
Three Sides 3
/475 1/2 Anchor Brackek / \
End Plate - - (
! ’ $2 1/16” \./
13/18" ELEVATION VIEW
PROFILE VIEW
i | O o o o
iy — ]
(TYP) Part c7
PLAN VIEW SCALE 1:4
T . T
) ) ) )
4 S
5 5/8" 1.3/4" [ Q]
f
e e e e
55°
ELEVATION VIEW =3
PROFILE VIEW

Midwest Roadside
Safety Facility

OH-IL Transition
to MGS Guardrail
Test Series STBRT

BCT Post Components &
Anchor Bracket

DWG. NAME. SCALE: 18
STBRT 1-2_R14 UNITS: in.

Figure 106. BCT Post Components and Anchor Bracket, Test Nos. STBRT-1 and STBRT-2

0Z-TTH-€0-ddL "ON Hoday 4SHMIA

0202 ‘€2 JaquiadaQ



171

3/16"
& 16; PLAN VIEW
/—Yoke Strut\
= | [ =
5 1/24——
75" X  Ls/er
| 78" | 8 1/2"%-
ELEVATION VIEW
Part c3 R5 16"_/ @ i
P) "PLAN VIEW
®7/8"x2" Slot ’———‘—4 1/4”
g 1 1/2"
3
1 1/2°3 R1/2"
ELEVATION VIEW PROFILE VIEW
Yoke
L 67" | "
R1/2" |56
L j—L (TY/P) =
l | 3 |
] 10 gauge—=f=—
ELEVATION VIEW PROFILE VIEW
6"x3” 10 gauge strut
[SHEET:
OH—IL Transition 27 of 35
to MGS Guardrail DATE:
Test Series STBRT e
G d Strut A bl T e
Notes: (1) Material and treatment specifications for all parts are found Midwest Roadside e it drasamuy WELS=
in the Bill of Materials starting on sheet no. 33. Sofety FGClﬁty UG NAME: SCALE: 412 |REV..BY:
STBRT 1-2_R14 UNITS: in. %ERK/SKR/J

Figure 107. Ground Strut Assembly, Test Nos. STBRT-1 and STBRT-2
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o O o O \ OH-IL Transition [
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L (@] (e (e / Test Seri STBRT 1/12/2020
®1 1/2,,_/\ / Notes: (1) Material and treatment es eres |
N 7 specifications for all . " W—b Rail Y ,
(&) parts are found in the Midwest Roqd&de = .
DETAIL T Bill of Materials starting Sofety FOCIllty OWG. NAME. SCAE: 722 [ReV. B
SCALE 1:10 on sheet no. 33. STBRE e UNTS: in. | JeK/SKR/

Figure 108. W-Beam Rails, Test Nos. STBRT-1 and STBRT-2
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°:=:° X . — = L L °::°
— = —
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Slot (TYP)
Part al
= [SHEET:
OH—IL Transition 29 of 35
to MGS Guardrail BATE:
Test Series STBRT e
Thri g Rail DRAWN BY:
Notes: (1) Material and treatment specifications for all parts are found . . rie Beam Rails LJP/JRF /3B
in the Bill of Materials starting on sheet no. 33. Mlsdc;h'lfga‘/t [nglﬁ'?;/de e NAVE SCAE T3S ::EV =
STBRT 1-2_R14 UNITS: in. gERK/SKR/J

Figure 109. Thrie Beam Rails, Test Nos. STBRT-1 and STBRT-2
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7
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) 87/8"1 3/4" Slots SECTION V=V
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. SHEET:
ELEVATION VIEW OH—IL Transition 50 of 35
Part a6 .
to MGS Guardrail DATE:
Notes: (1) Moteriql and t.reotment specifications for all parts are found in the Bill of Test Series STBRT 1/12/2020
Materials starting on sheet no. 33. e
(2) Size and orientation angles for the splice bolts in part a6 may vary. . . Rail Transition and Component LJP/JRF/S‘EI
(3) Part a6 may be configured with between 5 and 9 attachment bolt holes. Midwest Roqd.3|de Details W
Only top, middle, and lower holes on the far downstream end and the Sofety FGC|||ty UGS NAME: SCALE: 112 [REV. BY:
two upresm holes are required for proper installation of the ACT. SIBR: {2kl UNITS: in. foi</SKR/)

Figure 110. Rail Transition and Component Details, Test Nos. STBRT-1 and STBRT-2
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|

|

—

1"—8 UNC

Part e13

Notes: (1)

Material and treatment specifications for all
parts are found in the Bill of Materials starting
on _sheet no. 33.

OH-IL Transition
to MGS Guardrail
Test Series STBRT

Midwest Roadside
Safety Facility

Hardware Details

DWG. NAME.
STBRT 1-2_R14

SCALE: 1:4
UNITS: in.

Figure 111. Hardware Details, Test Nos. STBRT-1 and STBRT-2
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Part 5

1/4"

Part g1

11/4”

Part g2

Part g4

9/16"—|-——|

Part g3

Note: (1) Material and treatment specifications for all parts are found
in the Bill of Materials starting on sheet no. 33.
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Midwest Roadside
Safety Facility

OH-IL Transition
to MGS Guardrail
Test Series STBRT

Hardware Details

DWG. NAME.
STBRT 1-2_R14

SCALE: 2:5
UNITS: in.

Figure 112. Hardware Details, Test Nos. STBRT-1 and STBRT-2
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Iheg' QTY. Description Material Specification Treatment Specification H‘gg{ggre
- — |MASH Strong Soil in Critical Region B - .
= — |Existing Bridge Deck = = =
al 24 |12'—-6" 12—gauge Thrie Beam Section AASHTO M180 A123 or ASTM AB53 RTMO8a
a2 1 [6'=3" 12—gauge Thrie Beam Section AASHTO M180 A123 or ASTM A653 RTM19a
a3 | 1 [{9-gquge Symmetrical W~beam: to Thrie Beam AASHTO M180 A123 or ASTM AB53 RWTO1b
a4 3 |12'-6" 12—gauge W—Beam Section AASHTO M180 A123 or ASTM AB53 RWMO4a
ab 1 [12'-6" 12—gauge W—Beam MGS End Section AASHTO M180 A123 or ASTM AB53 RWM14a
a6 | 1 |10-gauge Thrie Beam Terminal Connector AASHT,\%nWU?tOI.m(c"Q;” S{L‘ﬂggfgr‘*:”g% isi)so ksi A123 or ASTM AB53 RTEO1b
a7 1 [6°—3" 12—gauge W—Beam MGS Section AASHTO M180 A123 or ASTM AB53 RWMO4a
b1 6 |30"x10 5/8"x5/16” Plate ASTM A572 Gr. 50 See Assembly -
b2 6 |30"x2 5/8"x3/8" Plate ASTM A572 Gr. 50 See Assembly -
b3 7 |8"x8"x3/8” Plate ASTM A572 Gr. 50 See Assembly -
b4 7 (17 3/4"x13"x1" Post Plate ASTM A572 Gr. 50 See Assembly -
b5 |28 (6 1/8"x5 11/16"x1/4” Gusset Plate ASTM A572 Gr. 50 See Assembly -
b6 14 |HSS 5"x4"x1/2”, 20" Long ASTM A500 Gr. C ASTM A123 o
b7 | 12 |30"x6 5/8"x3/8" Plate ASTM A572 Gr. 50 See Assembly -
b8 | 12 |30"x4 5/8"x5/16" Plate ASTM A572 Gr. 50 See Assembly -
b9 6 [HSS 8"x6"x1/4”, 191 1/4” Long ASTM A500 Gr. C ASTM A123 -
b10 3 |HSS 12"x4”x1/4”, 191 1/4" Long ASTM A500 Gr. C ASTM A123 =
b11 | 14 [20"x15"x3/16" Steel Plate ASTM A572 Gr. 50 See Assembly =
¢1 | 2 |BCT Timber Post — MGS Height 5‘9”3 f%cr]r?ewzgkegin%r hbjgegn("t‘gn;ggtsfc“c'g)— - PDFO1
c2 2 [72" Long Foundation Tube ASTM A500 Gr. B ASTM A123 PTEOB
c3 1 |Ground Strut Assembly ASTM A36 ASTM A123 PFPO2
c4 1 |BCT Cable Anchor Assembly - . FCAO1
c5 1 |8”"xB"x5/8" Anchor Bearing Plate ASTM A36 ASTM A123 FPBO1
cb 1 |Anchor Bracket Assembly ASTM A36 ASTM A123 FPAO1
c7 1 |2 3/8” 0.D. x 6” Long BCT Post Sleeve ASTM A53 Gr. B Schedule 40 ASTM A123 FMMO2
[SHEET:
Note: (1) Quantities listed herein are only for one copy of the system. OH—IL Transition 33 of 35
to MGS Guardrail BATE:
Test Series STBRT s
. . DRAWN BY:
Midwest Roadside| > °F Materos s
Sofety FGC”lty DWG. NAME. SCALE.: 'Nor\e ’Ev, BY:
STBRT 1-2_R14 UNITS: in, gERK/SKR/J

Figure 113. Bill of Materials, Test Nos. STBRT-1 and STBRT-2
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I’f\‘eon? QrTY. Description Material Specification Treatment Specification HoGrLchiv(ngre
c8 | 11 |Bent 16D Double Head Nail = = =
d1 | 5 [W6x9 or W6x8.5, 72” Long Steel Post ASTM A992 ASTM A123 -
d2 | 1 [W6x9 or W6x8.5, 72” Long Steel Post ASTM AQ992 ASTM A123 -
d3 | 8 [W6x9 or W6x8.5, 72” Long Steel Post ASTM A992 ASTM A123 =
d4 | 3 |W6x15, 84” Long Steel Post ASTM AQ992 ASTM A123 PWE12
d5 | 7 |W6x15, 53 1/2" Long Post ASTM A992 See Assembly -
d6 | 3 [6”"x8"x19” Timber Blockout SYP Grade No.1 or better - PDB17
d7 | 5 [6"x12"x19” Timber Blockout SYP Grade No.1 or better - -
d8 | 1 [6”"x12"x19” Timber Blockout SYP Grade No.1 or better — PDB18
d9 | 8 [6"x12"x14 1/4” Timber Blockout SYP Grade No.1 or better - PDB10a
el | 19 |5/8” Dia. UNC, 14" Long Guardrail Bolt ASTM A307 Gr. A ASTM A153 or B895 Class 55 or F1941 or F2329 | FBBO6
e2 | 8 |5/8” Dia. UNC, 10" Long Guardrail Bolt ASTM A307 Gr. A ASTM A153 or B895 Class 55 or F1941 or F2329 | FBBO3
e3 | 24 |5/8” Dia. UNC, 2" Long Guardrail Bolt ASTM A307 Gr. A ASTM A153 or B695 Class 55 or F1941 or F2329 | FBB02
e4 | 52 |5/8” Dia. UNC, 1 1/4" Long Guardrail Bolt ASTM A307 Gr. A ASTM A153 or B695 Class 55 or F1941 or F2329 | FBBO1
e5 | 2 |5/8" Dia. UNC, 10" Long Hex Head Bolt ASTM A307 Gr. A ASTM A153 or B695 Class 55 or F1941 or F2329 | FBX16a
e6 | 8 [5/8" Dia. UNC, 1 1/2" Long Hex Head Bolt ASTM A307 Gr. A ASTM A153 or B695 Class 55 or F1941 or F2329 | FBX16a
e7 | 2 [3/4"-11 UNC, 21” Long Round Head Bolt ASTM A449 ASTM A153 or B695 Class 55 or F1941 or F2329 | FBBO8
€8 | 24 [3/4"-10 UNC, 9 1/2” Long Heavy Hex Head Bolt| ASTM F3125 Gr. A325 Type 1 | ASTM A123 or BE99 Class 55 or F1136 Cr. 3 or | rex2ob
e9 | 35 [3/4"-10 UNC, 7 1/2” Long Round Head Bolt ASTM A449 ASTM A153 or B8695 Class 55 or F1941 or F2329 | FBBO8
e10| 40 |3/4"-10 UNC, 8” Long Round Head Bolt ASTM A449 ASTM A153 or B8695 Class 55 or F1941 or F2329 | FBBO8
el1| 2 |7/8” Dia. UNC, 8" Long Hex Head Bolt ASTM A307 Gr. A ASTM A153 or B895 Class 55 or F1941 or F2329 | FBX22a
e12| 28 1”8 UNC, 3 1/2” Long Heavy Hex Head Bolt KSTH F3125 . ABZE Type 1 | ASIM B120 .01 BEES Llass o8 oL F1106.0 S oF | pasouy,
Note: (1) Quantities listed herein are only for one copy of the system. OH—IL Transition szjss
to MGS Guardrail DATE:
Test Series STBRT L
y 3 DRAWN BY:
Midwest Roadside| o o Metero e
Sofety Focmty DWG. NAME. SCALE: ‘None REV. BY:
STBRT 1-2_R14 UNITS: in. SERK/SKR/J

Figure 114. Bill of Materials, Test Nos. STBRT-1 and STBRT-2
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Iheonﬁ Qry. Description Material Specification Treatment Specification Hoégi‘ingre
" " ASTM A153 or B695 Class 55 or F1136 Gr. 3 or
e13| 28 |1"-8 UNC, 2 1/4" Long Heavy Hex Head Bolt ASTM F3125 Gr. A325 Type 1 F1941 or F2329 or F2833 Gr. 1 FBX24b
f1 | 34 |5/8” Dia. SAE Plain Round Washer ASTM F844 ASTM A123 or A153 or F2329 FWC16a
f2 | 4 |7/8” Dia. USS Plain Round Washer ASTM F844 ASTM A123 or A153 or F2329 ==
f3 | 2 |1” Dia. USS Plain Round Washer ASTM F844 ASTM A123 or A153 or F2329 FWC24q
f4 [127|3/4” Dia. SAE Hardened Flat Washer ASTM F436 ASTM A58 B BRI Glges B6: ov FT136 165 3 &F [ pyepo):
f5 | 84 |2 1/4"x2 1/4"x1/4" Square Washer ASTM A36 ASTM A123 -
g1 [101]3/4 —10 UNC Heavy Hex Nut ASTM A563DH ASTM A153 or B695 Class 55 or F2329 FNX20b
g2 [105(5/8" Dia. Guardrail Nut ASTM A563A ASTM A153 or B695 Class 55 or F2329 -
g3 | 8 [5/8" Dia. Hex Nut ASTM A563A ASTM A153 or B695 Class 55 or F2329 FBX22a
g4 | 2 [7/8" Dia. Hex Nut ASTM AB563A ASTM A153 or B695 Class 55 or F2329 FBX22a
g5 | 56 [1"—8 UNC Heavy Hex Nut ASTM A563DH ASTM A153 or B695 Class 55 or F2329 FNX24b
g6 | 2 [1” Dia. Hex Nut ASTM A563DH ASTM A153 or B695 Class 55 or F2329 FBX24a
h1 1 [HSS 6"x4"x1/4”, 36” Long Angled Cut Tube ASTM A500 Gr. C See Assembly =
h2 | 1 |[13"x3 3/4"x1/4” Plate ASTM A572 Gr. 50 See Assembly =
h3 | 1 [13"x10 3/8"x1/4" Bent Plate ASTM A572 Gr. 50 See Assembly -
ha [ 1 [12"x4"x1/4”, 15” Long Sloped Transition Rail ASTM A500 Gr. C See Assembly -
h5 | 1 [12"x4"x1/4”, 30 1/8" Long Transition Rail ASTM A500 Gr. C See Assembly -
HSS 8"x6"x1/4", 62 15/16” Long Middle
g | 1 (B BTl / 9 ASTM A500 Gr. C See Assembly -
h7 |1 ES? 8"x6"x1/4", 45 3/8” Long Middle Transition ASTM A500 Gr. C See Assembly _
ai .
h8 | 2 |HSS 87"x6"x1/4", 12 7/8” Long Transition Rail ASTM A500 Gr. C See Assembly =
HSS 87x6”x1/4", 62 15/16” Long Bottom
h9 | 1 ITransition Rcm / < ASTM AS00 Gr. € See Assembly -
h1ol 1 ggl? 87x6"x1/4", 45 3/8” Long Bottom Transition ASTM A500 Gr. C See Assembly _

Note: (1) Quantities listed herein are only for one copy of the system.

OH-IL Transition
to MGS Guardrail
Test Series STBRT

Bill of Materials

Midwest Roadside

Safety Facility [ we

STBRT 1-2_R14

SCALE: None
UNITS: in.

Figure 115. Bill of Materials, Test Nos. STBRT-1 and STBRT-2
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Figure 116. Test Installation Photographs, Test No. STBRT-1
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Figure 117. Test Installation Photographs — AGT Connection Hardware, Test No. STBRT-1
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Figure 118. Test Installation Photographs, Test No. STBRT-2
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8 TEST CONDITIONS
8.1 Test Facility

The Outdoor Test Site is located at the Lincoln Air Park on the northwest side of the
Lincoln Municipal Airport and is approximately 5 miles northwest of the University of Nebraska-
Lincoln.

8.2 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 [38] was used to steer the test vehicle. A
guide flag, attached to the right-front wheel and the guide cable, was sheared off before impact
with the barrier system. The %-in. diameter guide cable was tensioned to approximately 3,500 Ib
and supported both laterally and vertically every 100 ft 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.

8.3 Test Vehicles

For test no. STBRT-1, a 2009 Hyundai Accent four door sedan was used as the test vehicle.
The curb, test inertial, and gross static vehicle weights were 2,447 Ib, 2,404 Ib, and 2,568 Ib,
respectively. The test vehicle is shown in Figures 119 and 120, and vehicle dimensions are shown
in Figure 121.

For test no. STBRT-2, a 2014 Dodge Ram 1500 quad cab pickup truck was used as the test
vehicle. The curb, test inertial, and gross static vehicle weights were 5,133 Ib, 5,007 Ib, and 5,160
Ib, respectively. The test vehicle is shown in Figures 122 and 123, and vehicle dimensions are
shown in Figure 124.

MASH 2016 requires test vehicles used in crash testing to be no more than six model years
old. However, a 2009 model was used for the small car test because the vehicle geometry of newer
models did not comply with recommended vehicle dimension ranges specified in Table 4.1 of
MASH 2016. The use of older test vehicles due to recent small car vehicle properties falling
outside of MASH 2016 recommendations was allowed by FHWA and AASHTO in MASH
implementation guidance dated May 2018 [39].

The longitudinal component of the center of gravity (c.g.) was determined using the
measured axle weights. The Suspension Method [40] 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 determined utilizing a
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procedure published by SAE [41]. The location of the final c.g. for the test vehicle used in test no.
STBRT-1 is shown in Figures 121 and 125, and the location of the final c.g. for the test vehicle
used in test no. STBRT-2 is shown in Figures 124 and 126. Data used to calculate the location of
the c.g. and ballast information are shown in Appendix D.

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 125 and 126. Round, checkered targets were placed at the c.g. on the left-side door, the
right-side door, and the roof of the vehicles.

The front wheels of the test vehicles were aligned to vehicle standards except the toe-in
value was adjusted to zero such that the vehicles would track properly along the guide cable. A 5B
flash bulb was mounted under the vehicle’s left-side windshield wiper and was fired by a pressure
tape switch mounted at the impact corner of the bumper. The flash bulb was fired upon initial
impact with the test article to create a visual indicator of the precise time of impact on the high-
speed digital videos. A remote-controlled brake system was installed in the test vehicles so the
vehicle could be brought safely to a stop after the test.
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Figure 119. Test Vehicle, Test No. STBRT-1
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Figure 120. Test Vehicle’s Interior Floorboards and Undercarriage, Test No. STBRT-1
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Date: 8/24/2020 Test Name: STBRT-1 VIN No: kmhcn46c69u367008
Model Year: 2009 Make: Hyundai Model: Accent
Tire Size: 185/65R14 Tire Inflation Pressure: 44 psi Odometer: 155708
Vehicle Geometry - in. (mm)
Target Ranges listed below
A: 66 (1676) B: 57 3/4 (1467)
65£3 (1650475)
T
C: 1681/4 (4274) D: 333/4 (857)
16948 (4300£200) 3524 (900£100)
E: 981/2 (2502) F: 36 (914)
9845 (2500£125)
G: 22 7/18 (581) H: 35 1/2 (902)
Test Inertial CG 3924 (9902100)
Q - . 8 (203) J: 21 (533)
R J—-—
P— |‘_ K: 111/2 (292) L: 23 (584)
— 1= Z —%
0 - G ‘ 1\ M: 571/2 (1461) N: 57 1/5 (1453)
J J_ Y, il <) L 562 (1425£50) 5612 (142550)
1 1 S b K §
* * * f 0: 27172 (699) P: 4 (102)
l—— H ——| 2444 (600+100)
—D E F—= Q: 23 (584) R: 151/4  (387)
Cc
S 12 (305) T: 651/2 (1664)
U (impact width): 29 5/8  (752) _
Mass Distribution - Ib (kg)
Top of radiator core
Gross Static LF 830 (376) RF__ 797 (362) support: 28 3/4  (730)
Wheel Center
LR 474 (215) RR 467 (212) Height(Front): 105/8  (270)
Wheel Center
Height (Rear): 11 (279)
Weights Wheel Well
b (kg) Curb Test Inertial Gross Static Clearance (Front): 25 (635)
Wheel Well
W-front 1550 (703) 1538 (698) 1627 (738) Clearance (Rear): 25 (635)
Bottom Frame
W-rear 897 (407) 866 (393) 941 (427) Height (Front): 6 (152)
Bottom Frame
W-total 2447 (1110) 2404  (1090) 2568 1165 Height (Rear): 16 (406)
242055 (1100£25) 2585155 (1175250)
Engine Type: 4 cyl. Gas
GVWR Ratings Ib Surrogate Occupant Data Engine Size: 1.6L
Front 1918 Type: Hybrid Il Transmission Type: Automatic
Rear 1874 Mass: 164 Ib Drive Type: FWD
Total 3638 Seat Position: Left/Drivers
Note any damage prior to test: None

Figure 121. Vehicle Dimensions, Test No. STBRT-1
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Figure 122. Test Vehicle, Test No. STBRT-2
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Figure 123. Test Vehicle’s Interior Floorboards and Undercarriage, Test No. STBRT-2
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Date: 9/22/2020 Test Name: STBRT-2 VIN No: 1C6RR6FT9ES238613
Model Year: 2014 Make: Dodge Model: Ram 1500 Quad Cab
Tire Size: 265/70R17 Tire Inflation Pressure: 40 psi Odometer: 54821
Vehicle Geometry - in. (mm)
Target Ranges listed below
A: 763/4 (1949) B: 75 (1905)
7812 (1950+50)
C: 2291/4 (5823) D: 403/8 (1026)
23713 (6020+325) 393 (1000£75)
E: 1401/2 (3569) F: 483/8 (1229)
14812 (3760+300)
G: 28 3/8 (721) H: 61 (1549)
min: 28 (710) 6314 (1575+100)
Test Inertial CG
& I: 12 5/8 (321) J: 25 (635)
" |
Piadl m g K_21 (533) L: 29 (737)
c= c=
M:_ 68 (1729) N: 677/8 (1724)
o 1 | f 67+1.5 (1700£38) 67£1.5 (1700£38)
J T
i T @ é s K L O: 441/2 (1130) P: 41/2 (114)
! 1 f 1 l 4314 (1100£75)
B Q:_31 (787) R:_183/8 (467)
=—D E F—
e S: 133/4 (349) T: 761/2 (1943)
U (impact width): 36 1/2  (927)
Mass Distribution - Ib (kg)
Wheel Center
Gross Static LF___ 1485 (674) RF__ 1442 (654) Height (Front): 15 (381)
Wheel Center
LR__ 1107 (502) RR__1126 (511) Height (Rear): 15 (381)
Wheel Well
Clearance (Front): 35 (889)
Weights Wheel Well
Ib (kg) Curb Test Inertial Gross Static Clearance (Rear): 38 (965)
Bottom Frame
W-front 2922  (1325) 2834  (1285) 2927 (1328) Height (Front): 18 1/8 (460)
Bottom Frame
W-rear 2211 (1003) 2173 (986) 2233 (1013) Height (Rear): 251/2  (648)
W-total 5133  (2328) 5007 (2271) 5160 (2341) Engine Type: Gasoline
5000110 (2270+50) 5165+110 (2343150)
Engine Size: 5.71v8
GVWR Ratings - Ib Surrogate Occupant Data Transmission Type: Automatic
Front 3700 Type: Hybrid Il Drive Type: RWD
Rear 3900 Mass: 161 Ib Cab Style: Quad cab
Total 6800 Seat Position: Driver/Left Bed Length: 76"
Note any damage prior to test: None

Figure 124. Vehicle Dimensions, Test No. STBRT-2

130



December 23, 2020
MwRSF Report No. TRP-03-411-20

Date: 8/24/2020 Test Name: STBRT-1 VIN: kmhcn46c69u367008
Model Year: 2009 Make: Hyundai Model: Accent
B C D E F

Iyl

A

AKE“EE 25 |

~ —

1

Test Inertial CG

= —
1 S N
ol @
t *
f
G |
TARGET GEOMETRY-- in. (mm)
A: 28 5/8 (727)  F: 25 (635)  K: 48 7/8  (1241)

Windshield Target

B: 47 38  (1203) G: 35 1/2 (902) L: 52 3/8  (1330)

Front round CG target

c: 8 12 (216)  H: 22 78 (581) Mm: 29 (737)

D: 41 318  (1051) I: 63 (1600) N: 52 3/8  (1330)

Rear Round target

E: 13 112 (343) J: 28 3/4 (730)

Figure 125. Target Geometry, Test No. STBRT-1
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Date: 9/29/2020 Test Name: STBRT-2 VIN: 1C6RR6FT9ES238613
Model Year: 2014 Make: Dodge Model: Ram 1500 Quad Cab
A B C
— =1 (il "l
% - el L J | b e o ’
" | E |
G " " " "
E IkDa"
k e /7 - - 7
= . E— o ——— .|

Test Inertial CG

Iy /O/;7 p A
v | J <
B e e w7

TARGET GEOMETRY-- in. (mm)
A: 74 T7/16 (1891) E: 63 5/8 (1616) J: 39 (991)

B: 28 5/8 (727) F: 63 5/8 (1616)  K: 28 1/2 (724)

C: 741316  (1900) G: 35 5/8 (905) L: 42 (1067)

D: 442 1/2  (11240) H: 61 (1549) M: 63 (1600)

I 79 1/8 (2010)

Figure 126. Target Geometry, Test No. STBRT-2
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8.4 Simulated Occupant

For test nos. STBRT-1 and STBRT-2, a Hybrid 11 50"-Percentile, Adult Male Dummy
equipped with footwear was placed in the left-front seat of the test vehicles with the seat belt
fastened. The simulated occupant had a final weight of 164 Ib in test no. STBRT-1 and 161 Ib in
test no. STBRT-2. As recommended by MASH 2016, the simulated occupant weight was not
included in calculating the c.g. location.

8.5 Data Acquisition Systems
8.5.1 Accelerometers

Two environmental shock and vibration sensor/recorder systems were used to measure the
accelerations in the longitudinal, lateral, and vertical directions. Both accelerometers systems were
mounted near the c.g. of the test vehicles. The electronic accelerometer data obtained in dynamic
testing was filtered using the SAE Class 60 and the SAE Class 180 Butterworth filter conforming
to the SAE J211/1 specifications [42].

The SLICE-1 and SLICE-2 units were modular data acquisition systems manufactured by
Diversified Technical Systems, Inc. (DTS) of Seal Beach, California. The SLICE-1 unit was
designated as the primary system for test no. STBRT-1, and the SLICE-2 unit was the primary
system for test no. STBRT-2. The acceleration sensors were mounted inside the bodies of custom-
built, SLICE 6DX event data recorders and recorded data at 10,000 Hz to the onboard
microprocessor. Both SLICE 6DX were configured with 7 GB of non-volatile flash memory, a
range of £500 g’s, a sample rate of 10,000 Hz, and a 1,650 Hz (CFC 1000) anti-aliasing filter. The
“SLICEWare” computer software program and a customized Microsoft Excel worksheet were
used to analyze and plot the accelerometer data.

8.5.2 Rate Transducers

Two identical angular rate sensor systems mounted inside the bodies of the SLICE-1 and
SLICE-2 event data recorders were used to measure the rates of rotation of the test vehicle. Each
SLICE MICRO Triax ARS had a range of 1,500 degrees/sec in each of the three directions (roll,
pitch, and yaw) and recorded data at 10,000 Hz to the onboard microprocessors. The raw data
measurements were then downloaded, converted to the proper Euler angles for analysis, and
plotted. The “SLICEWare” computer software program and a customized Microsoft Excel
worksheet were used to analyze and plot the angular rate sensor data.

8.5.3 Retroreflective Optic Speed Trap

The retroreflective optic speed trap was used to determine the speed of the test vehicle
before impact. Five retroreflective targets, spaced at approximately 18-in. intervals, were applied
to the side of the vehicle. When the emitted beam of light was reflected by the targets and returned
to the Emitter/Receiver, a signal was sent to the data acquisition computer, recording at 10,000
Hz, as well as the external LED box activating the LED flashes. The speed was then calculated
using the spacing between the retroreflective targets and the time between the signals. LED lights
and high-speed digital video analysis are only used as a backup in the event that vehicle speeds
cannot be determined from the electronic data.
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8.5.4 Digital Photography

Five AOS high-speed digital video cameras, eight GoPro digital video cameras, and five
Panasonic digital video cameras were utilized to film test no. STBRT-1. Camera details, camera
operating speeds, lens information, and a schematic of the camera locations relative to the system
are shown in Figure 127,

Five AOS high-speed digital video cameras, seven GoPro digital video cameras, and five
Panasonic digital video cameras were utilized to film test no. STBRT-2. Camera details, camera
operating speeds, lens information, and a schematic of the camera locations relative to the system
are shown in Figure 128.

The high-speed videos were analyzed using TEMA Motion and Redlake MotionScope
software programs. Actual camera speed and camera divergence factors were considered in the
analysis of the high-speed videos. A digital still camera was also used to document pre- and post-
test conditions for all tests.
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Figure 127. Camera Locations, Speeds, and Lens Settings, Test No. STBRT-1
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Figure 128. Camera Locations, Speeds, and Lens Settings, Test No. STBRT-2
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9 FULL-SCALE CRASH TEST NO. STBRT-1
9.1 Static Soil Test

Before full-scale crash test no. STBRT-1 was conducted, the strength of the foundation soil
was evaluated with a static test, as described in MASH 2016. The static test results, as shown in
Appendix E, demonstrated a soil resistance above the baseline test limits. Thus, the soil provided
adequate strength, and full-scale crash testing could be conducted on the barrier system.

9.2 Weather Conditions
Test no. STBRT-1 was conducted on August 24, 2020 at approximately 2:45 p.m. The

weather conditions as per the National Oceanic and Atmospheric Administration (station
14939/LNK) were reported and are shown in Table 13.

Table 13. Weather Conditions, Test No. STBRT-1

Temperature 94° F

Humidity 33%

Wind Speed 14 mph

Wind Direction 190° from True North
Sky Conditions Sunny

Visibility 9 Statute Miles
Pavement Surface Dry

Previous 3-Day Precipitation 0in.

Previous 7-Day Precipitation 0in.

9.3 Test Description

Initial vehicle impact was to occur 30 in. upstream from post no. 19, as shown in Figure
129, which was selected using an LS-DYNA analysis to maximize vehicle wedging and snag
underneath the sloped lower bridge rail tube termination. The 2,404-Ib small car impacted the
bridge rail transition at a speed of 64.6 mph and at an angle of 25.2 degrees. The actual point of
impact was 8.7 in. downstream from the target location. During the test, the 1100C small car was
contained and smoothly redirected with only minor roll and pitch displacements. The AGT
experienced minimal deflections with maximum dynamic and permanent set deflections of 8.6 in.
and 2.7 in., respectively. Both deflections were measured at the upstream end of the middle
transition tube rail. Vehicle components contacted the height transition of the lower transition tube
rail and the first bridge post, but snag was minimal. The vehicle came to rest 193 ft — 11 in.
downstream from the target point and 63 ft — 1 in. laterally in front of the traffic side of the system
after the vehicle’s brakes were applied.

A detailed description of the sequential impact events is contained in Table 14. Sequential
photographs are shown in Figures 130 and 131. Documentary photographs of the crash test are
shown in Figure 132. The vehicle trajectory and final position are shown in Figure 133.
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Figure 129. Impact Location, Test No. STBRT-1
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Table 14. Sequential Description of Impact Events, Test No. STBRT-1

TIME
(sec)

0.000

EVENT

Vehicle’s front bumper contacted system 21.3 in. upstream from post no. 19 (the
farthest downstream transition post).

0.008 Vehicle’s left fender contacted rail.
0.010 Vehicle’s hood contacted the rail.
0.016 Post no. 19 deflected backward.

0.020 Post no. 19 rotated to face downstream.

0.023 Vehicle yawed away from system.

0.024 Post no. 18 deflected backward.

0.028 Post no. B1 (first bridge rail post) deflected backward.

0.032 Vehicle’s left front door contacted rail, and vehicle rolled toward system.
0.042 Vehicle’s roof deformed.

0.054 Vehicle pitched downward.

0.060 Post no. B2 deflected backward, and vehicle’s left headlight shattered.
0.074 Post no. B1 bent backward.

0.082 Vehicle’s left rear door contacted rail.

0.096 Top of left-front door deformed, resulting in top being opened.

0.130 Vehicle rolled toward system, and vehicle’s right-rear tire became airborne.

0.160 Vehicle’s left quarter panel contacted rail.

0.165 Vehicle was parallel to system traveling at 47.5 mph.

0.174 Vehicle’s rear bumper contacted rail.
0.188 Vehicle pitched upward.
0.234 Vehicle yawed toward system.

0.237 Vehicle exited system at 46.2 mph and a -7.4-degree angle.

0.328 Vehicle rolled away from system.

0.382 System came to a rest.

0.446 Vehicle’s right-rear tire regained contact with ground.
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' 0.400 sec

0500sc 0.500 sec
Figure 130. Sequential Photographs, Test No. STBRT-1
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Figure 131. Sequential Photographs, Test No. STBRT-1
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Figure 132. Documentary Photographs, Test No. STBRT-1
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Figure 133. Vehicle Final Position and Trajectory Marks, Test No. STBRT-1
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9.4 Barrier Damage

Damage to the barrier was minimal, as shown in Figures 134 through 136. Barrier damage
consisted of contact marks and kinks on the thrie beam guardrail, contact marks on the HSS
transition rails, and spalling of the concrete deck. The length of vehicle contact along the barrier
was approximately 15 ft, which spanned from 6% in. downstream from the centerline of post no.
18 to 4 ft downstream from the first bridge rail post.

Kinks on the thrie beam began 8% in. upstream from the centerline of post no. 15 and
continued downstream to the end of the thrie beam section. Multiple kinks were found on the top
and bottom of the thrie beam between post nos. 15 and 19. The bottom corrugation was flattened
beginning 1 ft — 8% in. upstream from the centerline of post no. 19 and continued 5 ft — 3 in.
downstream to the thrie beam terminal connector. Post nos. 18 and 19 rotated backward.

Contact marks were found on the upstream end of the HSS transition rail sections and
extended downstream past the first bridge rail post. The contact marks were mainly concentrated
on the bottom transition tube rail. However, marks were found on the middle transition tube rail
and on the face of the sloped portion of the upper transition tube rail. Tire marks were found on
the face of the first bridge rail post below the lower rail.

Minor spalling occurred on the upstream corner of the concrete deck. The spalling began
1 ft— 4% in. upstream from the centerline of the first bridge rail post and extended 2 ft downstream.
Tire marks were observed on the concrete deck between the first and second bridge rail.

The maximum lateral permanent set of the barrier system was 2.7 in. at the upstream end
of the middle transition tube rail, as measured in the field. The maximum lateral dynamic barrier
deflection was 8.6 in. at the upstream end of the middle transition tube, as determined from high-
speed digital video analysis. The working width of the system was found to be 21.4 in., also
determined from high-speed digital video analysis. A schematic of the permanent set deflection,
dynamic deflection, and working width is shown in Figure 137.
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Figure 134. System Damage, Test No. STBRT-1
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Figure 135. Thrie Beam and Transition Rail Damage, Test No.

STBRT-1
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136. Deck Damage, Test No

Figure
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DYNAMIC MOVEMENT
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Figure 137. Permanent Set, Dynamic Deflection, and Working Width, Test No. STBRT-1

9.5 Vehicle Damage

The damage to the vehicle was moderate, as shown in Figures 138 through 141. The
maximum occupant compartment intrusions are listed in Table 15, along with the intrusion limits
established in MASH 2016 for various areas of the occupant compartment. Complete occupant
compartment and vehicle deformations and the corresponding locations are provided in Appendix
F. MASH 2016 defines intrusion or deformation as the occupant compartment being deformed and
reduced in size with no observed penetration. There were no penetrations into the occupant
compartment, and none of the established MASH 2016 deformation limits were violated. Outward
deformations, which are denoted as negative numbers in Appendix F, are not considered crush
toward the occupant, and are not evaluated by MASH 2016 criteria.

Majority of the damage was concentrated on the left-front corner and left side of the vehicle
where impact had occurred. The front bumper had scrapes along its left side, and the left headlight
was disengaged from the vehicle. The hood was crushed downward and inward at the headlight
opening. The left-front fender remained intact but was crushed inward along its entire length. The
left-front door was dented inward, and the left-rear door was crushed and dented. The windshield
was cracked along the left side of the vehicle, but the system had no direct contact with the
windshield.

Undercarriage damage was minimal. The left-side strut assembly remained intact but was
bent, causing the tire and wheel to lean inward. The engine cradle was bent upward and inward at
the left-front corner. The right-side frame horn kinked 16 in. behind the leading edge and was bent
to the right. The left-side frame horn was bent to the right and inward.
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Figure 138. Vehicle Damage, Test No. STBRT-1
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Figure 139. Vehicle Damage, Test No. STBRT-1

0Z-TT-€0-dd.L "ON Hoday 4SHMIN

020z ‘¢ JequisdeQ



December 23, 2020
MWwRSF Report No. TRP-03-411-20

Figure 140. Occupant Compartment Damage, Test No. STBRT-1
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Figure 141. Undercarriage Damage, Test No. STBRT-1

152



December 23, 2020
MwRSF Report No. TRP-03-411-20

Table 15. Maximum Occupant Compartment Intrusion by Location, Test No. STBRT-1

MAXIMUM MASH 2016 ALLOWABLE
LOCATION INTRUSION INTRUSION

(in.) (in.)
Wheel Well & Toe Pan 0.4 <9
Floor Pan & Transmission Tunnel 0.5 <12
A-Pillar 0.7 <5
A-Pillar (Lateral) 0.6 <3
B-Pillar 0.2 <5
B-Pillar (Lateral) 0.2 <3
Side Front PaPni(IEIIa(rl)n Front of A 0.8 <12
Side Door (Above Seat) 0.0 <9
Side Door (Below Seat) 0.0 <12
Roof 0.1 <4
Windshield 2.1 <3

Side Window Itact Wi Stuetural member of et artil
Dash 0.6 N/A

N/A — No MASH 2016 criteria exist for this location

9.6 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, as
determined from the accelerometer data, are shown in Table 16. Note that the OIVs and ORAs
were within suggested limits, as provided in MASH 2016. The calculated THIV, PHD, and ASI
values are also shown in Table 16. The recorded data from the accelerometers and the rate
transducers are shown graphically in Appendix G.
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Table 16. Summary of OIV, ORA, THIV, PHD, and ASI Values, Test No. STBRT-1

Transducer
. o MASH 2016
Evaluation Criteria SL_ICE-l SLICE-2 Limits
(primary)
oIV Longitudinal -18.83 -17.79 +40
(fus) Lateral 28.98 27.52 +40
ORA Longitudinal -9.44 -9.22 +20.49
(&’s) Lateral 11.40 11.30 +20.49
Maximum Roll -6.1 -3.3 +75
_Angular Pitch 3.9 45 +75
Displacement
(deg.) Yaw 36.3 36.0 not required
THIV .
(ft/s) 29.06 28.22 not required
P|_,|D 11.53 11.35 not required
(g’s)
ASI 191 1.80 not required

9.7 Discussion

The analysis of the test results for test no. STBRT-1 showed that the system adequately
contained and redirected the 1100C vehicle with controlled lateral displacements of the barrier. A
summary of the test results and sequential photographs are shown in Figure 142. Detached
elements, fragments, or other debris from the test article did not penetrate or show potential for
penetrating the occupant compartment, or present an undue hazard to other traffic, pedestrians, or
work-zone personnel. Deformations of, or intrusions into, the occupant compartment that could
have caused serious injury did not occur. The test vehicle did not penetrate nor ride over the barrier
and remained upright during and after the collision. Vehicle roll, pitch, and yaw angular
displacements, as shown in Appendix G, were deemed acceptable, because they did not adversely
influence occupant risk nor cause rollover. After impact, the vehicle exited the barrier at an angle
of -7.4 degrees, and its trajectory did not violate the bounds of the exit box. Therefore, test no.
STBRT-1 was determined to be acceptable according to the MASH 2016 safety performance
criteria for test designation no. 3-20.
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10 FULL-SCALE CRASH TEST NO. STBRT-2
10.1 Static Soil Test

Before full-scale crash test no. STBRT-2 was conducted, the strength of the foundation soil
was evaluated with a static test, as described in MASH 2016. The static test results, as shown in
Appendix E, demonstrated a soil resistance above the baseline test limits. Thus, the soil provided
adequate strength, and full-scale crash testing could be conducted on the barrier system.

10.2 Weather Conditions
Test no. STBRT-2 was conducted on September 22, 2020 at approximately 2:00 p.m. The

weather conditions as per the National Oceanic and Atmospheric Administration (station
14939/LNK) were reported and are shown in Table 17.

Table 17. Weather Conditions, Test No. STBRT-2

Temperature 83° F

Humidity 37%

Wind Speed 14 mph

Wind Direction 180° from True North
Sky Conditions Sunny

Visibility 8 Statute Miles
Pavement Surface Dry

Previous 3-Day Precipitation 0in.

Previous 7-Day Precipitation 0in.

10.3 Test Description

Initial vehicle impact was to occur 17 in. upstream from post no. 19, as shown in Figure
143, which was selected from LS-DYNA analysis to maximize vehicle snag on the AGT
connection hardware. The 5,007-Ib quad cab pickup truck impacted the bridge rail transition at a
speed of 62.7 mph and at an angle of 24.9 degrees. The actual point of impact was 1.1 in.
downstream from the target location. During the test, the 2270P pickup was contained and
smoothly redirected with only minor roll and pitch displacements. The AGT experienced
maximum dynamic and permanent set deflections of 18.6 in. and 8.4 in., respectively. Both
deflections were measured at the upstream end of the middle transition tube rail. Vehicle
components contacted the height transition of the lower transition tube rail and the first bridge
post, but snag was minimal. The vehicle came to rest 183 ft — 10 in. downstream from the target
point and 2 ft — 4 in. laterally behind the traffic side of the system after the vehicle’s brakes were
applied.

A detailed description of the sequential impact events is contained in Table 18. Sequential

photographs are shown in Figures 144 and 145. Documentary photographs of the crash test are
shown in Figure 146. The vehicle trajectory and final position are shown in Figure 147.
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Figure 143. Impact Location, Test No. STBRT-2
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Table 18. Sequential Description of Impact Events, Test No. STBRT-2

TIME

(sec) EVENT
0.0 Vehicle's front bumper co.nyacted system 28.9 in. upstream from post no. 19 (the

farthest downstream transition post).

0.002 Vehicle's front bumper deformed, and vehicle's left-front tire contacted rail.

0.008 Vehicle's hood deformed, and vehicle's left fender contacted rail.

0.016 Post no. 19 deflected backward, and vehicle's grille deformed.

0.022 Post no. 18 deflected backward.

0.026 Post no. B1 (first bridge rail post) deflected backward, and vehicle's left-front
door deformed.

0.032 Post no. 17 deflected backward, and vehicle yawed away from system.

0.038 Vehicle rolled toward system.

0.054 Vehicle's left-rear door deformed, and vehicle's left-front door contacted rail.

0.058 Post no. 16 deflected backward.

0.062 Vehicle pitched downward.

0.070 Post no. B2 deflected backward.

0.084 Post no. B1 bent backward.

0.126 Vehicle's left-rear door contacted rail.

0.136 Vehicle's right-front tire became airborne.

0.146 Vehicle's right-rear tire became airborne.

0.160 Occupant’s head contacted left-front window.

0.174 Vehicle's rear bumper contacted rail.

0.178 Post no. B3 deflected backward.

0.179 Vehicle was parallel to system travelling at 51.2 mph.

0.184 Vehicle's tailgate contacted the rail.

0.250 Vehicle's left-front tire became airborne.

0.318 Vehicle's left-front tire regained contact with ground.

0.360 Vehicle exited system at 49.6 mph and a -11.4-degree angle.

0.442 System came to rest.

0.508 Vehicle rolled away from system.

0.554 Vehicle's right-front tire regained contact with ground.

0.578 Vehicle pitched upward.

0.760 Vehicle's right-rear tire regained contact with ground.
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0.500 sec 0.500 sec

Figure 144. Sequential Photographs, Test No. STBRT-2
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0.200 sec

0.400 sec

0.500 sec 0.500 sec

Figure 145. Sequential Photographs, Test No. STBRT-2
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Figure 146. Documentary Photographs, Test No. STBRT-2
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Figure 147. Vehicle Final Position and Trajectory Marks, Test No. STBRT-2
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10.4 Barrier Damage

Damage to the barrier was minimal, as shown in Figures 148 and 149. Barrier damage
consisted of contact marks and kinks on the thrie beam section and contact marks on the HSS
transition tube rails. The length of vehicle contact along the barrier was approximately 14 ft and
spanned from post no. 18 to downstream from the first bridge rail post.

Contact marks on the thrie beam began at post no. 18 and continued downstream to the end
of the thrie beam terminal connector. The top corrugation sustained various kinks and bends
beginning 8%z in. upstream from the centerline of post no. 15 and continued to 5 in. downstream
from the centerline of post no. 19. The bottom corrugation was kinked and folded upward
beginning 2 in. downstream from the centerline of post no. 19 and continuing to the terminal
connector.

Contact marks were found on the front faces of all three HSS transition rails and extended
approximately 2 ft past the first bridge rail post. Contact marks were also found covering most of
the top surface of the top rail’s sloped upstream end. The upstream ends of the middle and lower
transition tube rails were displaced backward, but no sharp bends in the rails were visible. The first
bridge rail post was bent backward as a plastic hinge formed in the post just above the welded
attachment plate. Flange buckling was also observed on the first bridge rail post adjacent to the
transition tube rails.

The maximum lateral permanent set of the barrier system was 8.4 in. at the upstream end
of the middle transition tube, as measured in the field. The maximum lateral dynamic barrier
deflection was 18.6 in. at the upstream end of the middle transition tube, as determined from high-
speed digital video analysis. The working width of the system was found to be 27.8 in., also
determined from high-speed digital video analysis. A schematic of the permanent set deflection,
dynamic deflection, and working width is shown in Figure 150.
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Figure 148. System Damage, Test No. STBRT-2
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Figure 149. Thrie Beam and Transition Rail Damage, Test No. STBRT-2
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Figure 150. Permanent Set, Dynamic Deflection, and Working Width, Test No. STBRT-2

10.5 Vehicle Damage

The damage to the vehicle was moderate, as shown in Figures 151 through 154. The
maximum occupant compartment intrusions are listed in Table 19, along with the intrusion limits
established in MASH 2016 for various areas of the occupant compartment. Complete occupant
compartment and vehicle deformations and the corresponding locations are provided in Appendix
F. MASH 2016 defines intrusion or deformation as the occupant compartment being deformed and
reduced in size with no observed penetration. There were no penetrations into the occupant
compartment, and none of the established MASH 2016 deformation limits were violated. Outward
deformations, which are denoted as negative numbers in Appendix F, are not considered crush
toward the occupant, and are not evaluated by MASH 2016 criteria.

Majority of the damage was concentrated on the left-front corner and left side of the vehicle
where the impact had occurred. The front bumper was crushed inward on the left side, and the
grille disengaged from the vehicle. The left fender was crushed and scraped, and the left-front tire
was deflated. The left-front door remained intact was scraped and dented. The left-rear door had
some minor scrapes and dents. The left-rear taillight was disengaged from the vehicle, and the
back bumper was pushed inward toward the center of the vehicle.

Undercarriage damage was minimal. The front sway bar moved slightly to the right, and
the left end link was bent backward. The left upper control arm was bent and torn at the rear mount,
and the left lower control arm was fractured at both mounting locations. The left outer tie rod was
also slightly bent. The left frame horn was bent inward approximately 2 in. at the leading edge.
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Figure 151. Vehicle Damage, Test No. STBRT-2
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Figure 152. Vehicle Damage, Test No. STBRT-2
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Figure 153. Occupant Compartment Damage, Test No. STBRT-2
169



December 23, 2020
MwRSF Report No. TRP-03-411-20

Figure 154. Undercarriage Damage, Test No. STBRT-2
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Table 19. Maximum Occupant Compartment Intrusion by Location, Test No. STBRT-2

MAXIMUM MASH 2016 ALLOWABLE
LOCATION INTRUSION INTRUSION
(in.) (in.)
Wheel Well & Toe Pan 0.7 <9
Floor PanT&ur;I;]r;nsmlssmn 00 <12
A-Pillar 0.2 <
A-Pillar (Lateral) 0.2 <3
B-Pillar 0.1 <
B-Pillar (Lateral) 0.2 <3
Side Frg?ig?ﬁlagn Front 18 <12
Side Door (Above Seat) 0.6 <9
Side Door (Below Seat) 0.2 <12
Roof 0.0 <4
Windshield 0.0 <3
Side Window Intact withsructural member of et aticl
Dash 0.6 N/A

N/A — No MASH 2016 criteria exist for this location

10.6 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, as
determined from the accelerometer data, are shown in Table 20. Note that the OIVs and ORAs
were within suggested limits, as provided in MASH 2016. The calculated THIV, PHD, and ASI
values are also shown in Table 20. The recorded data from the accelerometers and the rate
transducers are shown graphically in Appendix H.
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Table 20. Summary of OIV, ORA, THIV, PHD, and ASI Values, Test No. STBRT-2

Transducer
Evaluation Criteria SLICE-2 MAI‘_S.H.fOlB
SLICE-1 : Imits
(primary)
oIV Longitudinal -18.04 -16.27 +40
(fs) Lateral 20.41 21.60 +40
ORA Longitudinal -11.28 -11.86 +20.49
(g’s) Lateral 13.62 15.81 +£20.49
_Angular Pitch 3.6 55 +75
Displacement
(deg.) Yaw 46.9 46.2 not required
-Efl_t|/ls\)/ 25.56 25.80 not required
?g':'g 17.26 19.24 not required
ASI 1.14 1.25 not required

10.7 Discussion

The analysis of the test results for test no. STBRT-2 showed that the system adequately
contained and redirected the 2270P vehicle with controlled lateral displacements of the barrier. A
summary of the test results and sequential photographs are shown in Figure 155. Detached
elements, fragments, or other debris from the test article did not penetrate or show potential for
penetrating the occupant compartment, or present an undue hazard to other traffic, pedestrians, or
work-zone personnel. 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 H, were deemed acceptable, because they did not adversely
influence occupant risk nor cause rollover. After impact, the vehicle exited the barrier at an angle
of -11.4 degrees, and its trajectory did not violate the bounds of the exit box. Therefore, test no.
STBRT-2 was determined to be acceptable according to the MASH 2016 safety performance
criteria for test designation no. 3-21.
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11 SUMMARY AND CONCLUSIONS

The objective of this project was to develop a MASH TL-3 approach guardrail transition
to the TL-4 steel-tube bridge rail, which was recently developed for the Ohio and Illinois DOTSs.
The AGT was required to safely connect the new steel-tube bridge rail to the Midwest Guardrail
System (MGS) located on the adjacent roadway. Although the bridge rail was MASH TL-4
compliant, the AGT was only required to satisfy MASH TL-3 criteria, similar to the test level of
the adjacent MGS. The AGT needed to prevent snag on the bridge rail during both conventional-
and reverse-direction (traveling from bridge to roadway) impacts. Additionally, it was desired to
maximize the distance between the last AGT post and the first bridge rail post to avoid post
installation obstacles, such as bridge abutments and wing walls. Finally, the AGT was to remain
crashworthy both before and after roadway overlays up to 3 in. thick. Note that the new bridge rail
was designed with the same overlay criteria.

After a review of previously developed, MASH crashworthy AGTs, the Nebraska DOT
34-in. tall AGT was selected as the basis for the new AGT to steel-tube bridge rail. This nested
thrie beam AGT was installed with a top mounting height of 34 in. to account for future overlays
up to 3 in. thick. After an overlay, the symmetric W-to-thrie transition segment would be swapped
out with an asymmetric W-to-thrie transition segment, and the W-beam in the upstream MGS
region would be raised 3 in. on the guardrail posts. Thus, the effective nominal height for the entire
system would become the standard 31 in. after a 3-in. thick overlay and these minor adjustments.
Note that the posts would not have to be replaced or reset as part of these minor adjustments.
Additionally, the Nebraska DOT 34-in. tall AGT utilized W6x15 posts spaced at 37.5 in. on-center.
This post configuration was thought to be more conducive to maximizing the span length between
the last transition post and the first bridge rail post as compared to the other AGTs with smaller
W6x9 posts spaced at 18.75 in. on-center.

To attach the thrie-beam AGT to the steel-tube bridge rail, two connection design concepts
were explored. The first concept involved a reinforced plate assembly that bridged the gap between
the two systems. The thrie-beam terminal connector was bolted to the front face of the plate
connector assembly, while the downstream end of the assembly would slide into the open ends of
the HSS tube rails. The back side of the plate connector assembly contained both horizontal and
vertical gussets to reinforce the assembly and provide adequate bending strength.

The second concept involved specialized transition tube rails that angled upward at a 6:1
slope and raised the height of the lower and middle HSS tube rails to match the height of the thrie
beam. Thus, the thrie-beam terminal connector could be directly bolted to the transition tube rails.
To prevent vehicle snag on the top tube rail, it was angled downward at a 2:1 slope and attached
to the middle tube rail. Finally, an HSS6x4xY4 section was sandwiched between the lower two tube
rails, and the downstream end was tapered back laterally at a 3:1 slope to prevent vehicle snag on
the thrie-beam terminal connector during reverse-direction impacts.

LS-DYNA computer simulations of MASH TL-3 impacts were conducted on both
concepts to finalize component design and evaluate design feasibility. Although design concept
#1 showed promise as a crashworthy connection between the AGT and the bridge rail, high stresses
and plastic deformations were observed in the plate connector assembly during the simulations.
Additionally, both the Illinois and Ohio DOTs expressed concern with the complexity and
potential cost required to construct the plate connector assembly. Simulations on Concept #2
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showed only minor vehicle snag on the system components during both conventional- and reverse-
direction impacts. Additionally, the simulations also showed a potential for safely using a 9-ft span
length between the last transition post and first bridge post, which was more than double the post
distances of other MASH AGTSs. Thus, concept #2 with the specialized transition tube rails was
ultimately selected as the desired configuration

LS-DYNA computer simulations were also used to identify critical impact points (CIPSs)
for both full-scale crash tests required by MASH TL-3 evaluation criteria. Multiple impacts were
simulated on the AGT with both vehicles to identify the impact point that would maximize vehicle
snag and thereby maximize the potential for excessive decelerations, occupant compartment crush,
and/or vehicle instabilities. The CIP for test designation no. 3-21 was determined to be 17 in.
upstream from the last W6x15 AGT post to maximize occupant risk values and the potential for
snagging on the sloped end of the upper transition tube and the first bridge rail post. The CIP for
test designation no. 3-20 was determined to be 30 in. upstream from the last AGT post to maximize
wedging of the small car tire underneath the sloped transition tube rails and the potential for
snagging on the posts.

LS-DYNA computer simulations of reverse-direction impacts showed no indication of
significant pocketing or snag. Additionally, these simulated reverse-direction impacts on the AGT
showed similar vehicle behavior, accelerations, and system deflections as observed during the
actual full-scale crash tests conducted on the interior sections of the bridge railing, test nos. STBR-
2 and STBR-3. Since MASH testing on the bridge rail was successful, any reverse direction crash
tests on the transition from the bridge rail to the thrie-beam AGT should also be successful. Thus,
reverse-direction testing was deemed non-critical and only conventional direction impacts were
conducted in the full-scale testing and evaluation of the new AGT connection.

A full-scale test installation of the AGT to steel-tube bridge rail was constructed, and test
nos. STBRT-1 and STBRT-2 were conducted on the test article in accordance with MASH 2016
test designation nos. 3-20 and 3-21, respectively. A summary of the test evaluation is shown in
Table 21. In test no. STBRT-1, the 2,404-1b small car impacted the steel-tube bridge rail system
21.3 in. upstream from post no. 19 at a speed of 64.6 mph and an angle of 25.2 degrees, resulting
in an impact severity of 60.9 Kkip-ft. The vehicle was successfully contained and smoothly
redirected with moderate damage to both the bridge rail system and the vehicle. After impacting
the barrier system, the vehicle exited the system at a speed of 46.2 mph and an angle of -7.4
degrees. All vehicle decelerations, ORAs, and OIVs fell within the recommended safety limits
established in MASH 2016. Therefore, test no. STBRT-1 satisfied the safety criteria of MASH
2016 test designation no. 3-20.

In test no. STBRT-2, the 5,007-1b pickup truck impacted the steel-tube bridge rail system
15.9 in. upstream from post no. 19 at a speed of 62.7 mph and an angle of 24.9 degrees, resulting
in an impact severity of 116 kip-ft. The vehicle was successfully contained and smoothly redirected
with moderate damage to both the bridge rail system and the vehicle. After impacting the barrier,
the vehicle exited the system at a speed of 49.6 mph and an angle of -11.4 degrees. All vehicle
decelerations, ORAs, and OIVs fell within the recommended safety limits established in MASH
2016. Therefore, test no. STBRT-2 was successful according to the safety criteria of MASH 2016
test designation no. 3-21.

175



December 23, 2020
MwRSF Report No. TRP-03-411-20

Recall, the upstream end of the AGT incorporated the MGS stiffness transition, which had
previously been successfully crash tested to MASH TL-3 criteria [32-33]. Further, LS-DYNA
simulations of reverse-direction impacts on the AGT showed negligible vehicle snag and resulted
in behavior similar to the full-scale tests on the steel-tube bridge railing, which also previously
passed MASH safety criteria [6-7]. Therefore, with the successful crash tests documented herein,
the new AGT to the Ohio/lllinois steel-tube bridge railing was determined to be crashworthy to
MASH 2016 TL-3 safety performance criteria.

The research presented within this research report pertains only to the development and
MASH 2016 evaluation of the new AGT to steel-tube bridge rail. Recommendations and
implementation guidance for both the bridge rail and the AGT were documented in a separate
summary report [10].
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Evaluation Evaluation Criteria Test No. Test No.
Factors STBRT-1 | STBRT-2
Test article should contain and redirect the vehicle or bring
Structural the vehicle to a controlled stop; the vehicle should not s s
Adequacy penetrate, underride, or override the installation although
controlled lateral deflection of the test article is acceptable.
1. 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 S S
hazard to other traffic, pedestrians, or personnel in a work
zone.
2. Deformations of, or intrusions into, the occupant S S
compartment should not exceed limits set forth in Section
5.2.2 and Appendix E of MASH 2016.
The vehicle should remain upright during and after
collision. The maximum roll and pitch angles are not to S S
exceed 75 degrees.
Occupant Impact Velocity (OIV) (see Appendix A, Section
Occgpant A5.2.2 of MASH 2016 for calculation procedure) should S S
Risk satisfy the following limits:
Occupant Impact Velocity Limits
Component Preferred Maximum S S
Longitudinal and 30 ft/s 40 ft/s
Lateral
The Occupant Ridedown Acceleration (ORA) (see
Appendix A, Section A5.2.2 of MASH 2016 for calculation S S
procedure) should satisfy the following limits:
Occupant Ridedown Acceleration Limits
Component Preferred Maximum S S
Longitudinal and , ,
L ateral 15.0¢g’s 20.49 g’s
MASH 2016 Test Designation No. 3-20 3-21
Final Evaluation (Pass or Fail) Pass Pass

S — Satisfactory

U — Unsatisfactory ~ NA - Not Applicable
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12 MASH EVALUATION

The MASH TL-3 approach guardrail transition developed and evaluated herein was
specifically designed for use with the MASH TL-4 steel-tube bridge railing that was developed for
the Ohio and Illinois Departments of Transportation. Since the AGT was intended for use on
roadways that may receive future overlays up to 3 in. thick, the AGT was based on Nebraska
DOT’s 34-in. tall thrie-beam AGT. The nested thrie-beam rail at the downstream end of the AGT
was supported by W6x15 posts spaced at 37.5 in., while the upstream end rail elements were
supported by W6x8.5 posts at various spacings corresponding to the MGS stiffness transition. A
symmetric W-to-thrie transition segment was utilized to attach the 34-in. tall thrie beam to 31-in.
tall MGS upstream from the AGT. At the downstream end of the AGT, a 9-ft span length was used
between the last transition post and the first bridge rail post to avoid post installation conflicts with
bridge elements, such as wing walls, abutments, or bents.

To attach the thrie-beam AGT to the steel-tube bridge rail, specialized transition tube rails
were extended from the upstream end of the bridge rail. The transition tube rails angled upward at
a 6:1 slope and raised the height of the lower and middle HSS tube rails to match the height of the
thrie beam. Thus, the thrie-beam terminal connector could be directly bolted to the transition tube
rails. To prevent vehicle snag on the top tube rail, it was angled downward at a 2:1 slope and
attached to the middle tube rail. Finally, an HSS6x4xY. was sandwiched between the lower two
tube rails, and the downstream end was tapered back laterally at a 3:1 slope to prevent vehicle snag
on the thrie beam terminal connector during reverse-direction impacts.

The upstream region of the AGT was specifically designed to replicate the MASH-
crashworthy MGS stiffness transition. Upon initial installation, the only difference between the
two systems was that the 34-in. tall AGT utilized a symmetric W-to-thrie transition rail instead of
an asymmetric transition rail. Since the W-beam upstream from the transition rail was mounted at
its nominal 31-in. height, vehicles impacting this region of the barrier should not extend over the
rail and roll excessively. Additionally, the bottom of the symmetric transition rail had a shallower
slope than the asymmetric segment and would likely produce less snag as a small vehicle tried to
wedge underneath the rail. Thus, there were no concerns about vehicle stability and/or snag on the
upstream region of the new AGT prior to a roadway overlay.

After the roadway overlay, the symmetric rail segment would be replaced by an
asymmetric segment, and the W-beam of the adjacent MGS would be raised 3 in. on the posts to
maintain its nominal 31-in. mounting height. Previous studies have concluded that guardrail can
be raised up to 4 in. on the support posts and the system will remain crashworthy. Thus, after an
overlay, the upstream stiffness transition is essentially identical to the MASH-tested MGS stiffness
transition. Since the MGS stiffness transition was previously subjected to and successfully passed
MASH TL-3 criteria, the upstream stiffness transition within the new AGT to a steel-tube bridge
rail would be MASH TL-3 crashworthy as well. Therefore, all crash testing of the upstream
stiffness transition, both before and after an overlay, was deemed non-critical.

At the downstream end of the AGT, there were concerns for rail pocketing within the 9-ft
unsupported span length adjacent to the stiff bridge rail as well as vehicle snag on the transition
tube rails and bridge posts. Rail pocketing issues would be the same regardless of the presence of
an overlay as an overlay would not affect the strength of the system. However, an overlay would
reduce the gap below the rail, thereby reducing the likelihood that vehicle bumpers and wheels
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would extend under the rail and snag on system components. Accordingly, the system
configuration without an overlay would present the worst-case scenario for vehicle snag. Thus,
only two full-scale tests were recommended to evaluate the crashworthiness of the 34-in. tall AGT
to MASH 2016 TL-3 criteria.

Test nos. STBRT-1 and STBRT-2 were conducted in accordance with MASH test
designation nos. 3-20 and 3-21, respectively, on the downstream end of the AGT without an
overlay. Test no. STBRT-1 was performed with the 1100C small car impacting 21.3 in. upstream
from the last transition post to maximize vehicle snag on the vertically sloped portion of the lower
transition tube rail, while test no. STBRT-2 was performed with the 2270P pickup impacting 15.9
in. upstream from the last transition post to maximize loading to the connection hardware and snag
on the sloped end of the top transition tube rail. Both vehicles were contained and smoothly
redirected with minor roll and pitch angular displacements. Vehicle contact did occur on the
targeted snag points on the AGT, but the tapered designs limited the shag severity. None of the
MASH 2016 occupant compartment deformation limits were violated, and all ORA and OIV
values were within MASH 2016 safety limits. Therefore, test nos. STBRT-1 and STBRT-2 were
determined to be acceptable according to test designation nos. 3-20 and 3-21, respectively, of
MASH 2016.

Due to the two successful full-scale crash tests, the incorporation of the upstream MGS
stiffness transition, and modification to the AGT and adjacent MGS after an overlay as described
herein, the new 34-in. AGT to steel-tube bridge rail was determined to be crashworthy to MASH
2016 TL-3 standards both before and after a 3-in. roadway overlay.
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0Z-TT7-€0-dHL "ON Hoday J4SHMA

020z ‘e¢ JaquiadeQ



88T

END OF APPR. SLAB——wt=————BRIDGE LIMIT

2
b
[
3|, | SEE RA ONNECTION DETAIL olz
v I T SHEET Ll BRIDGE ROADWAY WIDTH. P
z | | (FACE TO FACE OF RAILT 2 2
3 . ™ =
g | | N ~——T5 8 x 4 x % TuBING **** s
& — FACE OF RAILING & / 5
< | / EOGE OF DECK SLAB - / — i :
! T ==1] 7 9 o e s
~ R se cuaroralL cowecTion I I = g 3 ] =
PLATE DETAILS BELOW ‘ 2- 758 x4 x ¥ TUBING | 3 ;o8
* |~ o
255" 67-3% MAX. ; 6-3-(rvP.) * ! AN §§ 5 g
& & H g
d _‘_ g 2 3 =
3 o
Pige o
THIN.T VIEW C-C o 5
TS 8 x 4 x ¥s TUBING
SR — " QS 0 e, D OS] e o
BEGIN'TYRE Mo GURPAI - EPOST CLEARANCES. NO POST SPACING SHALL EXCEED 6'-3- [—
24 R
HYES
*¥ - SYMMETRICAL ABOUT € RAILINC =
€ 157 POST ~\mt PAYMENT LIMITS OF BRIDGE RAILING SYMMETRICAL ABOUT €. RAILING A
OFF BRIDGE T 6-37(TYP.) ;
28" [ | 378 6-3* MAX. € SPLICE— e
» 1-8* 2 A1
Y| | 12; FOR STI T R
| | A -Z-‘ € SLOTTED HOLES J5* G oAy (e el
H € I"DIA.  WIDE x 1%4° HIGH IN SEE SHEET[ 374} —
Q f—+=| HOLES TRAFFIC SIDE FLANGE A c 2 3=
c 3| ¥ | ey OF POST (TYP.) —— L%;T % = ESES
B ] — 4
o e R i N | ##% - PLACE THE CONCRETE ABOVE THE CONSTRUCTION JOINT AFTER INSTALLATION wa g
= La‘f o ol0 | \fi L B OF THE RAILING IS COMPLETE. 62
0@
! i o = A #s%% - IN LIEU OF PROVIDING THE WINGWALL CONSTRUCTION JOINT, THE CONTRACTOR wpw
‘f ool Ml wex25 POST = MAY FIELD DRILL HOLES IN THE TUBING FOR POST-TO-TUBE RAIL CONNECTIONS oow
€ RAILING AT ALL FLUSH MOUNTED POST LOCATIONS. REPAIR GALVANIZING ACCORDING 10 ioZ
% oia. HoLES J I, !! e BRIDGE am<7 !! ’l’*l .02. & E %
%
f 1 BASE PLATE HEAVY HEX NUT
lI B 4 1 4] £ | * . | WITH WASHER (TYP.)
LR Gl 17 AHNE ag
/ SLOTTED HOLES _L > T ||\ mEavy HEX Jam T
hel T 2 1 >
BACK OF ABUTMENT ——= =l ANCHOR PLATE Ve, WIDE x 2"~ ANCHOR BoL T T WITH WASHER (TYP.)
(CAPPED PILE | 16%x 1" x 3% HIGH (T 2+ | lsls7| |_2* 5% THREAD LENGTH
UTMENT SHOWN) =l = L H
l A | T rack wewo eack sou T Hean w
%" SPACER PLATE—! ;oo%w}s;g cggnPé g r;. USE g ]
L £ L 3
RA AT RET, A FOR SECTION A-A SEE SHEET [274 ). & b-§
BRIDGE TERMINAL ASSEMBLY NOT SHOWN. REFER TO FLUSH TED POST ANCHOR DETA =g
STANDARD CONSTRUCTION DRAWING MGS-3.1' FOR DETAILS. oSt ot Siowki g
=
20
L0 _lo* =2
s 6%" [ e | e%e 6 c3E
-0* -0* ul e+ 1 Yo" -
; — - | /‘Iﬁc %4 * & HOLES /fc Ye* ® HOLES
2| a4 | 2 . T\ .
r 1 15 ! i L
|
BN | \
B n < .| 8 & N
* CcP > N s
xR, o o0 o LI 3 \\ s & 1 /A
m1% % = \ | L 7
S I % [ B LY 4 B2 d IR
AR o o o i —
- Yo PLATE Ya IEW B-B 8 T 5+ ¢ HoLE —| 5. ] - J
3 %B
L)

\ 1" DIA. HOLE (TYP.)

BASE PLATE PACER PLAT
GUARDRAIL CONNECTION PLATE DETAILS (1" PLATE) (% PLATE)

'SCO NUMBER

TST-1-99

a

™~

Figure A-3. Ohio Twin Steel Tube Bridge Railing, Sheet 1 of 4
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Figure A-4. Ohio Twin Steel Tube Bridge Railing, Sheet 2 of 4
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Figure A-5. Ohio Twin Steel Tube Bridge Railing, Sheet 3 of 4
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TST-1-99 GENERAL NOTES:

GENERAL: THIS DRAWING PROVIDES DESIGN AND CONSTRUCTI ON
DETAILS. THE PROJECT PLANS FOR EACH STRUCTURE SHALL
PROVI DE NECESSARY  ADDITIONAL  RAILING  DIMENSIONS
INCLUDING RAILING LENGTHS, POST SPACINGS, POST LENGTHS
AND ANY OTHER PERTINENT [NFORMATION [NCLUDING SPECIAL
NOTES AND DETAILS. FOR ADDITIONAL GUARDRAIL DETAILS,
SEE STD. CONSTR. DOWGS. MGS-1.1, MGS-2.1 AND OTHER
DRAWINGS PERTAINING TO DESIGN OF SPECIFIC GUARDRAIL
TYPES.

APPLICATION: THI'S RAILING SYSTEM HAS BEEN ACCEPTED TO
THE TL-4 CRITERIA OF NCHRP REPORT 350. THE TWIN STEEL
TUBE RAILING SHALL BE USED ON STRUCTURES DESIGNED TO
DRAIN SURFACE WATER OVER THE SIDES OF THE STRUCTURE.THIS
RAILING S NOT  APPLICABLE TO COMPOSITE BOX BEAM
BRIDGES WITH DESIGN OVERHANGS GREATER THAN 27 OR TOP
FLANGE THICKNESSES LESS THAN 57.

CONNECT THE APPROACH AND TRAILING ENDS OF THE TWIN STEEL
TUBE RAILING TO THE BRIDGE TERMINAL ASSEMBLY DETAILED IN
STANDARD CONSTRUCTI ON DRAWING MGS-3.1. THE FIRST POST AT
THE APPROACH END AND THE LAST POST AT THE TRAILING END
OF THE BRIDGE RAILING SHALL BE FLUSH MOUNTED AS SHOWN ON
SHEET | OF 4.

DESIGN DATA:

REINFORCING STEEL - MINIMUM YIELD STRENGTH = 60,000 PSI
STEEL TUBING - MINIMUM YIELD STRENGTH = 46,000 PS]

ALL OTHER STEEL - MINIMUM YIELD STRENGTH = 50,000 PSI

MATERIALS: FURNISH SHAPED STRUCTURAL TUBING ACCORDING
TO 707.10 (ASTM A500, GRADE B). IN LIEU OF THE ‘DROP
WEIGHT TEAR TEST" (ASTM E436), THE MANUFACTURER MAY
CHOOSE TO SUPPLY TUBING THAT MEETS IMPACT TOUGHNESS
ACCORDING TO AASHTO T266, NOTCHED BAR IMPACT TESTING
OF METALLIC MATERIALS (CVN)*. THE CVN IMPACT REQUIRE-
MENTS SHALL BE 15 FT-LBS AT 0°F. FOR EACH HEAT SUPPLI-
£D, THE MANUFACTURER SHALL FURNISH ONE 2* x 18"
SPECIMEN, MARKED WITH ITS HEAT NUMBER, FOR IMPACT
TESTING.

FURNISH STRUCTURAL STEEL SHAPES, PLATES AND PLATE
WASHERS ACCORDING TO 7i1.01.

GALVANIZINGs  GALVANIZE ALL SHAPED STRUCTURAL TUBES,
POSTS, PLATES, HARDWARE AND ACCESSORIES IN ACCORDANCE
WITH 711.02. PRIOR TO GALVANIZING, ROUND ALL STRUCTUR-
AL TUBING ENDS AND REMOVE BURRS FROM ALL STEEL TUBING,
SHAPES AND PLATES.

HORIZONTAL CURVATURE: THIS STANDARD IS APPLICABLE TO
STRUCTURES HAVING A RAILING CURVATURE RADIUS OF 20 FEET
OR MORE. FOR A RADIUS OF LESS THAN 20 FEET, THE DESIGN
SHALL BE SPECIAL. FOR ALL CURVED STRUCTURES, HEAT CURVE
THE HORIZONTAL RAIL ELEMENTS ACCORDING TO THE AASHTO
LRFD BRIDGE CONSTRUCTION SPECIFICATIONS.

TUBE SPLICES: LOCATE SPLICES SO THAT EACH TUBE SEGMENT IS CONNECT-
ED TO NOT LESS THAN TWO FOSTS. STAGGER SPLICES IN THE TOP AND
BOTTOM TUBES TO AVOID OCCURRENCES IN THE SAME PANEL.

FASTENERS: FURNISH MATERIAL CONFORMING TO THE FOLLOWING:

ALL ANCHOR BOLTS, SLEEVE NUTS, NUTS AND WASHERS SHALL
CONFORM TO ASTM A 449,

END WELDED STUDS SHALL CONFORM TO ASTM Al08.

THE TUBE RAIL TO POST CONNECTION BOLTS AND HEX NUTS
SHALL CONFORM TO 711.10 (ASTM A307). REFER TO STANDARD
CONSTRUCTION DRAWING MGS-3.1 FOR THE BRIDGE TERMINAL
ASSEMBLY CONNECTION HARDWARE.

THE HEX CAP SCREWS (BOLTS), HEX NUTS AND WASHERS SHALL
CONFORM TO ASTM A 449.

BOX BEAMS: THE DISTANCE FROM THE CENTERLINE OF A GUARD-
RAIL POST TO THE ABUTMENT END OF THE BEAM OR TO THE
CENTERLINE OF A TIE ROD SHALL NOT BE LESS THAN 1°-8*.
THE DISTANCE FROM THE CENTERLINE OF A GUARDRAIL POST TO
THE PIER END OF THE BEAM SHALL NOT BE LESS THAN 2°-10".
THE LOCATION OF THE HORIZONTAL TIE RODS MAY NEED TO BE
ADJUSTED IN ORDER TO ACCOMMODATE EACH POST ANCHOR DEVICE.

METHOD OF MEASUREMENT: THE DEPARTMENT WilLlL MEASURE TWIN
STEEL TUBE BRIDGE RAILING BY THE NUMBER OF FEET. THE
DEPARTMENT WILL MEASURE THE LENGTH OF RAILING AS THE
DISTANCE BETWEEN THE CENTERS OF THE FLUSH MOUNTED POSTS
AT THE APPROACH AND TRAILING ENDS PLUS 4°-11".

BASIS OF PAYMENT: THE DEPARTMENT WILL CONSIDER THE COSTS
ASSOCIATED WITH FURNISHING AND INSTALLING STEEL TUBING,
STEEL POSTS, POST ANCHOR DEVICES, ANCHOR PLATES, TUBE
SPLICE PLATES, STEEL SHIM PLATES, GUARDRAIL CONNECTION
PLATES, ANCHOR BOLTS, 7 ROUND HEAD BOLTS, SLEEVE
NUTS, NUTS, CAP SCREWS, WASHERS AND OTHER HARDWARE TO
BE INCLUDED WITH THE TWIN STEEL TUBE RAILING. THE
DEPARTMENT WILL PAY FOR ACCEPTED QUANTITIES AT THE
CONTRACT PRICE FOR ITEM 517, RAILING (TWIN STEEL TUBE).

THE DEPARTMENT WILL PAY FOR BRIDGE TERMINAL ASSEMBLY
HARDWARE SEPARATELY.
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Figure A-6. Ohio Twin Steel Tube Bridge Railing, Sheet 4 of 4
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k
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ELEVATION Begin 6' (1.83 m)
Posts
24 (610) min.
all posts Wood Blockout Wood Blockout
GENERAL NOTES
This standard shows attachment to curb mounted
bridge rail. Attachment to side mounted bridge
8 rail is similar.
B See Standard 630001 for details of guardrail not
£ shown.
¥ 3lm :
Sy =l= Thrie beam rail shall be bolted to block-out at all
SIS AL/ I ws o posts.
I I e | All slope ratios are expressed as units of vertical
displacement to units of horizontal displacement
I I W6x9.0 (W150x13.5— I (V:H).
I I/ Steel post \l
All dimensions are in inches (millimeters)
§ IPAGU | A1 unless otherwise shown.
I —I r 7 DATE REVISIONS
linois Department of Transportation | | | 1117 | Revised Tength of thiie TRAFFIC BARRIER

beam. Revised length of TERMINAL, .IYPE 6A

é posts.
2 w m 1-1-13 | Added note to see plans {Sheet 1:003}
Yo Py P, H for bridge approach curb STANDARD 631032-09
ENGINEER OF DESIGN AND ENVIRONMENT h details.

Figure A-7. llinois Traffic Barrier Terminal, Type 6A, Sheet 1 of 3
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Guardrail connection
plate assembly

+ Bolt %x5 (22x127)
** Bolts%x2 (22x31)

Thrie beam
end shoe

23 (584)
nom.

@ 1 (25) holes

Bolts (A307) with washers and
self-locking nut, or nut and

jam nut. Top bolt %x9 (22x229).
Bottom bolt %x5 (22x127) for
curb mount or %x7 (22x179)

for side mount.

Note:

Side mounted rail
similar as to
connection details.
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MODIFIED THRIE BEAM END SHOE DETAIL

| A~ |~
POSTS 1-9 WOOD BLOCKOUT DETAIL POST 10 WOOD BLOCKOUT DETAIL
(See Standard 630001 for post 11-15 blockouts.)
7-3%"
(2.222 m)
6% 3-1%" 3-1%" 6%
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(Sheet 2 of 3)

STANDARD 631032-09

Figure A-8. Illinois Traffic Barrier Terminal, Type 6A, Sheet 2 of 3
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2 4_ 4 2%
r (73) (102)(102 (63)
D
Transition
plate i
r |
E
% (13)

GUARDRAIL CONNECTION PLATE ASSEMBLY DETAILS

LEGEND

and nuts

(533)

(Mirror for opposite end)

32%e

#6 (5)

Transition plate

(102x10x824)

R 4x%x32%s —/

@ 4-1 (25) holes
for % (22) H.S. bolts

4-%x1% (22x31) —/
slotted holes

Transition plate
¥%x6x12% (13x152x321)

L AxAx¥%x32%e

(102x102x9.5x824)

lllinois Department of Transportation
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Drill and tap 3 holes
for % (22) H.S. boits.

Dimensions A B
For Curb 8% | 3%
Mounted Rail (222) | (89)
For Side 9% | 2%
Mounted Rail (247) | (64)
5.
3 /— End of rail cap x 3 (127), 1%
(76 76 38)
1% _)~ 1% 1% _i ) 7%
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Sk y \ =8 B
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HE | ¢ elg { ES
. fl S N nll
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A ‘ 8

¥x1% (19x38) —//

slotted holes

¥x1% (19x38)

£ 5x3x%x20%
slotted holes

(127x76x6.4x553)

CONNECTION ANGLES
(Install angles to rail caps using % (19)
washers and self-locking nuts or nuts
and jam nuts, to be provided by others)

\— 4-%x1% (22x31)
slotted holes

APPROACH END VIEW

TRAFFIC

BARRIER

TERMINAL, TYPE 6A

(Sheet 3 of 3)

STANDARD 631032-09

Figure A-9. Illinois Traffic Barrier Terminal, Type 6A, Sheet 3 of 3
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g ¥esys ] Mg v hhesseaaae e
r -r 1 \ € -%" reduced base | !
1 i welded sfuds. Provide 6 3
" x 55 shotted oS G, LU ninng With Slot (shown) or 4-%" washers and self- | o
Y 3 Az3 0 ho/o In post S Approved Recess locking nuts or nuts and | = gwe——,———— = FmEoo——=====
g 2% LEx4x% P 27| B b x d1h” Top of beam N Jam nuts for guardrail R 3:,, s .
/ 57 6 holes ‘1 - R [ 1 ;j connection shown on B % x 357 x o) e ©
v L I FW v In angles k! (ANRANNRANNRNEARARNRNRNRNRNAAANNN] F‘ - Std. 631032 . = =
} 3, == 3 3
B o e B ] i - LHIIA varies @ o I_’ D %
| I == /. )
s o roes | | T : (T of mssexans — VIEW D-D END OF RAIL DETAILS
ke e e
- 3,0 Lo
) flat washers  2- 1" § x 7% AASHTO = VIEW c-C £ % x 2" x A LTy
5 M-164 anchor bolfs with {—Varies Tye, % i
flat washer and " at rail splice
Stotted holes— .
€ Slotted holes B presasn b x 7 5 6 Fatrlc i oabia Hollow structural “1 D df exp. Jt. of 50° F.
Screws with fiaf washer Le b ;e’;’,f,"i "’6",,"”"3"’”’” fc pad N\ D _:%
Bg " x 3 Slotted hol e _
® AL tss 6 x 3 x lyx 3% long i Locknut T
(] 8
SECTION A-A SECTION AT RAIL POST 1y X/E Siottad 5,6 x 15" Cap serew Each side, bottom rail F,E % alas
Holes n hollow with flaf washer & %" 9 vt M 3,0 in %" E
15" ¢ Holes in structural section XS pipe spacer, b+ long, :s” . ’f,;, lw’;s hg;w Screw nlmm; Holes in A
ies and plat
b irs "3%;’,? s RAIL SPLICE CONNECTION ST PLAN-BOTT. SPLICE
"G B
'\ AT EXPANSION JT. RAIL SPLICE TYPICAL
3 TT TIT ¥ RAIL SPLICE
[ T—t - y — 1 e
i
P o xatbr x5/ Y] 1 L3 30 | 55,5’4)(/' W € 1o [
™) ; J " Jong "Holes
o 53, 33, 3.0 3.0
Ligay iy ,‘ Casl 1 vaids bening | ) 3% 5%

6" long

B 1"x6"x 19"2

15" ¢ Hole _Jﬁ

4 I
:
J—'Zi 50| o 2o 2 5 |4
: I
t Grind Sg* Chamfer | | ‘
2-Y * Holes in _angles
T8 7 x 557 Siofted é Wexe5

hole in post

=
W-I l_,_,,\ 3, § x 6 Granular or_solid flux
S L] filled headed sfuds conforming to
w article 1006.32 of the Std. Specs.
N automatically end welded.
> 7 % S 6 Required per £)
11 Vi ki #3 bar — v
) * I’ Round bar stock AASHTO M270 G50 or
15" ¢ holes & N l hex coupler nufs conforming fo AASHTO M29L,
(—1a 8 holes__ HSS6x3xly | [holes ] | sy £ 2 Grade A - 3 long welded to #3 bar. Tap Notes:
s 7l 2 x 3% long 4 32 cl 1 5 = pipe for 5’ $ cap screw. For multi-span bridges. sufficient 4* x 6 x 12 galvanized
HSS ?j x4 x N -'— [ - o steel shims shall be provided to align rail between adjacent spans.
X 327 fong - x bt 6% Bar | Cost included with Steel Railing, Type SM.
= N 6 . Al All steel rall members shall be gaianized according to Article
2o ™ 1 509.05 of the Standard Specifications.
3| o ” o SPLICE DIMENSIONS *¥ The studs of the anchor devices shall be placed below the top
N 2 v . AN VICI reinforcement bars and the outermost longitudinal reinforcement
?Q“ - N M bar shall be placed directly above the studs of the rail post
- = T ] A C £ anchor device. The anchorage studs may be bent down % to
3ivr " 30 lnf *Threaded areas shali be plugged or blocked off during =4" 2L | -] 27 | 47 | 2b” the top reinforcement bar placement.
2% 6 2% 57 6 |5 casting of beam. Gahanized after fabrication. =47 =65 3% 2707 257 | L7 | 367
il o, 5 ) A S S i BILL OF MATERIAL
,f X u x5 E [2;/ X7 x 6” —97 =137 77 |2-107 47| §b7 | 11"
=== [ Rail Spiice | G~ [ 787 27| 47 [—— Trem Unit_| Ogantit
= Total movement at expansion joint Steel Railing, Type SM | Foot
R-34HMAWS 11-22-2016  (67-3" Maximum Post Spacing) (%" minimum to 3" maximum HMA thickness) as shown on the design plans.
g T = = [ TOTAL
RS = e o STATE OF ILLINOIS STEEL RAILING, TYPE SM_WITH HOT-MIX ASPHALT WEARING SURFACE [ } SEeToN comtv TSR
T s+ o~ REviseD - DEPARTMENT OF TRANSPORTATION STRUCTURE.HO. SR
PLOT OATE + CHECKED - REVISED N A

Figure A-10. Illinois Type SM Side Mount Brldge Rail
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TEST INSTALLATION

T131

~ BRIDGE DECK =2

-

150"
9sp. @ 75" " e s
b S - 5 sp. (@ 18-3/4
2b0°-d e g e AT
93-3/4
1 2 3 4 5 O 7 3 9 11 13 15 17 119
M il il A A A A il A A4 & A AAAAA At
L
. 0 12 14 16 18
GUARDRAIL
PLAN VIEW
10 ga. W- BEAM TO THRIE-BEAM e
I 1d ASYMMETRIC TRANSITION 12 ga. THRIE-BEAM
NESTED x 2
e S 12 gu. W-BEAM GUARDRAIL <
y (RWM04a) SEE 1b
, 74 u A
] I R - I I | = =
: =1
f w |
S 10 ga. THRIE-BEAM TERMINAL
- WaERIx 12 SLPROETS - (RTE01b)
. (PEW01)
. W6x8.5 x 84" POSTS

la. 6" x 8" x 18" routered Wood Blockouts at posts 13 -19. 6" x 8" x 14" routered

wood blockouts at posts 3 - 12, 1-3/4" long Button-head Guardrail Bolts (FBB02) at

nested thrie-beam splices. 1-1/4" long Button-head Guardrail Bolts (FBBO1) at all

other rail splices. 10" long Button-head Guardrail Bolts (FBB03) at rail to post

attachments at posts 3 - 19. Recessed Guardrail Nuts (FBB) at all button-head bolts.
1b. Place galvanized rectangular washers (FWR03) under Guardrail Nuts at Thrie-

beam
le.
1d.
le.

Figure A-11.

to Terminal Splice.

Only one Rail Bolt is at post 13, at the top slot.

Rail terminal 1s typical ET terminal with CRP Anchor Post.

See attached T131-RC drawing for Bridge Deck and Rail details.

Texas T131RC Bridge Rail Transition, Sheet 1 of 7

GUARDRAIL
ELEVATION VIEW

The Texas A&M University System

Texas Transportation Institute College Station, Texas 77843

Project 490022-6 T131-RC Transition

Drawn By GES Saale1:250  Sheet 1of7  Installation

Approved: > o Sjgnature: Date:
Rigiviceds e { Z&a%am,,&&,c/ﬁam@ . 2012-05-17
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CONNECTION DETAILS o

(410] =
et 36" - /~TRANSITION RAIL,
- (1819 19 (20) x3
17 Y 16 Y 16 Y o TRANSITION RAITL,

g AR e, / /—FILL BLOCK BOTTOM

A T T L I |
o e F‘—:—:—:F—i—_—_g_—_—_i_— —_-ﬁ; g : - : | /
: ” : :: : : () 8 llf.I © i1 / : :t‘;: ¢ \
s Rl T I S s Y| ;
e g3 Lgeg ) 8 ] T~ e L4 H
| | 1 L. l 1
P
i I E i
Y : H O
H
I |
I |
] I : :
H
; ; P TERMINAL HARDWARE
i Pl # PART NAME QTY.
' ]
! ! 15 Bolt, 3/4 x 20 hex 2
16 Washer, 3/4 flat 4
1
E i 28.905" 17 Nut, 3/4 hex 2
= == 18 Bolt, 7/8 x 8 hex 3
B 19 Washer, 7/8 hardened 6
@ 12" x 30" UN-REINFORCED CONCRETE |
CLASS C : 20 Nut, 7/8 hex 3
Ton e T . The Texas z‘\&M University Systemn
2a. All bolts this sheet are A325 and nuts are Heavy Hex. Grade 5 may be used for Do Tosspection Lot College Station, Texas 77843

3/4 x 20 bolt. Project 4900226 T131-RC Transition 2012-05-17
Drawn By GES Scale 1:20  Sheet 2of7  Transition Detals

Figure A-12. Texas T131RC Bridge Rail Transition, Sheet 2 of 7
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FILL BLOCK e
2 NEEDED

8" x 2
e .| PLAN VIEW
[ISOMETRIC VIEW
SCALE 1:10
3/1€
HSS6x6x1/4
" s AS500 orade B
P e & & l /4" TYP
e ¥ Y
Lo ) 5/8" 4 | M i
| ® .|
| I O |
( | 2.3/4 \ E}
i )
v (L ; A
- 6" >
P1"x2 5.1/2" x 12-1/2" % 1/4"
\36 PLATR

ELEVATION VIEWS

Figure A-13. Texas T131RC Bridge Rail Transition, Sheet 3 of 7

The Texas A&M University System

Texas Transportation Institute College Station, Texas 77843

Project 490022-6 T131-RC Transition 2012-05-17
Drawn By GES Scale 1:5 Sheet 3of7 Fill Block
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>

TRANSITION RAIL
TOP

PLLAN VIEW

DETAIL A
SCALE1:10 @7/8"x2

ELEVATION VIEW

@3/4"x06

22-3/4"

DETAIL B
SCALE1:10

4a. Rail 1s HSSGx6x1 /4.

Figure A-14. Texas T131RC Bridge Rail Transition, Sheet 4 of 7

SECTION C-C
SCALE1:10

el
o
~

The Texas A&M University Systemn

Texas Transportation Institute College Station, Texas 77843

Project 490022-6 T131-RC Transition 2012-05-17
Drawn By GES  Scale 1:50  Sheet 4of 7 Top Rail
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oo QT " TRANSITION RAIL

BOTTOM
#ep PLAN VIEW
- 12" >
—
DETAIL D B7/8" %2
SCALE 1:10
i i ™ -t (" -
60"
I - VP = e -
1Y X i
[ : . - — o
R } <> 17-7/8 Y
ELEVATION VIEW » F
SECTION F-F
} SCALE 1:10
- 34" e
- 30-1/8" =S

DETAIL E ,
SCALE1:10 A

The Texas A&M University System
College Station, Texas 77843

5a. Rail 1s HSS6x6x1/4. Project 490022-6 T131-RC Transition 2012-05-17
Drawn By GES Scale 1:50  Sheet 50f7 Bottorn Rail

Texas Transportation Institute

Figure A-15. Texas T131RC Bridge Rail Transition, Sheet 5 of 7
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" TRANSITION CURB DETAILS

¥
v

- 10" > 11/2
1-1/2" —>  a—
3-1/4" —= 1t B Y
£
25 J
i -4
4-1 oM \'\
13 g v
= 2T
- fr f U
i E N |
" 1 L] e I | I \
12 \/31 y~ ::,L?::::J},L::::::%E §§========g'===T:::;Lj::::::;:&::::::::l};\ C\I<]>1\\D
Y / : ! 1 N\ =4 ,
G // | N [ L G >-;i\ N ~ g
N (21) ELEVATION VIEW oy () &) (24)
Sl () / ot
I r—* e m
# PART NAME Y Ll : T .
= ] ne> SECTION G-G
21 Rebar, #3 x 17" 4 \ ( SCALE1 : 10
22 Rebar, #3 x 16" 2 I | l \
23 Rebar, #3 x 20" 1 SEE 6b ,|_“ SCALE 1:50
24 Rebar, #3 x 42" 3
6a. Curb is Class C (3600 psi) concrete.
25 Rebar, #3 x 75" 2 6b. Foundation for post is @12" x 30" un-remforced Class C concrete.
26 Rebar, #3 bent 1 Ge. 3/4" chamfer back edge of the curb, and R2" the front edge.
j7 a Stirrup fOf Transition Curb 6 T Toinspenitin Tastpite “I’hcc'glclz; z;z:tll\c{"::x’}x;r::x;y_??;sgcxn
28 Rebar at post ! Project 490022-6 T131-RC Transition 2012-05-17
Drawn By GES Scale 1:15  Sheet Gof7  Curb Details

Figure A-16. Texas T131RC Bridge Rail Transition, Sheet 6 of 7
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@

Ll |

i 26
5
AR 8"
Y . |
A
-1 60" e
)3 /8"
@\
A,
A
\ L
s
" ‘
e} e} ol
D2-1/4"

TYP. ALL BARS

Texas Transportation Institute

Project 490022-6
Drawn By GES

h3/8"

Figure A-17. Texas T131RC Bridge Rail Transition, Sheet 7 of 7

Scale

The Texas A&M Ui \'cxsily Sy:slmn

College Station, Texas 77843

T131-RC Transition

1.5

Sheet

Tof7

20120517
Rebar Details
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T-131-RC TEST INSTALLATION

21-9/8"(43) o o POST NUMBERS
17 1 1S 14 13 12 11 10 i 3 4 3 1
F. Y T T TaT Tar o m— T TaT TaT Tar — TaT TaT = T
| 7
PLAN VIEW i~ &2
IMPACT PATH —! ~ ¥
80'-0"
: 60" TYPICA
) ] A __ [ ]
— ‘ .
(o V—1 T S — S— S S— S S— S— - S— S S— — S— S—"
!
SEE 1a—" \
76'-6" |
(1
. ELEVATION VIEW |
GROUND LINE —
DETAIL A : . The Texas A&M University System
SCALE 1:20 Texas Transportanon Institute College Station, Tewas %Sﬁ
TYPICAL BOTH]JOINTS | Project  490022-1 T-131-RC
Drauwm By GES Scale 1:125  Sheet 1of9  Test Installation
) ) ) Approved: ) Signature: . Date:
la. End Postis setin 412" x 30" un-reinforced concrete. Williara Wﬂhams//[/,(fﬁa 5 ? /,{ﬂ;fz oty - 2011-11-28

Figure A-18. Texas T131RC Bridge Rail, Sheet 1 of 9
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# PART NAME QTY. |SHEET ol
1 Post, T131RC 16 3
2 Post, end T131RC 1 4 /@
3 Rail, TS6x6x1/4 6 5
-+ Splice Sleeve for 6x6 Rail 5
5 Hilti Anchor (see 1a) 64
6 Nut, 3/4 hex see 2e
7 Washer, 3/4 flat see 2e
8 Bolt, 5/8 x 8 round-head slotted 34 6 /'y
9 Nut, 5/8 hex 34 260
10 Washer, 5/8 flat 34 33"
Ll 4”
-5
24" 7
5 1 I l\
21 ’ TR ‘
/5 20
* Ao
H
H
I‘" 1
NGO
gy p -
13/4" £1/8 1] ez
4,‘1' \~S
A | i T —SEE 2
P
2a. Hilti Super HAS-E ©@3/4 (cut off to 8-1/2" long), installed with Hilti RE500 en -
epoxy according to label directions, with 1-3/4" £1/8" protruding above concrete. e P %
Place anchors in curb top at 4" from back of curb. Do not place them in slot center. L
This is to allow removal of the posts. 7
2b. All bolts, nuts, and washers (except Hilti products) are grade A307.
2c. Threads not shown on bolts for clarity, and End Post and its foundation are also
not shown her?- ; " ; Texas T e s The Texas A&M Umversity System
2d. Connection details typical for Bridge Posts and End Post. exas lransportation Institute College Station, Texas 77843
2e. ©@3/4" nuts and washers are provided with Hilti Anchors and do not need to be Project 4900221 e T

supplied separately.

Figure A-19. Texas T131RC Bridge Rail, Sheet 2 of 9

Drawn By GES Scale 1.7 Sheet 2of 9 Posts and Rail
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i i T
N\ N
V Es o — lf AQ 5,
i
1 i 1.5/8"
9 — ]
> (R
T
24.3 /8" i': 1-1/4"
[l
ELEVATION VIEW
_________ LJ___”___LJ_________
o] @]

3a. Slots on front face only, dimensions typical x 2.
3b. Bottom Plate is symmetrical about § .

Figure A-20. Texas T131RC Bridge Rail, Sheet 3 of 9

fan

BOTTOM PLATE

/ AS72 grade 50

[ _ 100.3°
%
ELEVATION VIEW

SIDE

Texas Transportation Institute

Project 490022-1
Draum By GES

et

T-131-RC
Scale 1.7

ELEVATION VIEW

NORMAL TO FACE

The Texas AcM University System
College Station, Texas 77843

2011-11-28

Sheet 3 of9 Bridge Post Details
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-

@ END POST

_—SEE 4a

WILL1E ADQD
—W6x15 A992

"~

ELEVATION VIEW

8
e o ot 0 0 i o 9 S K o 4 . . i el

4a. Slots on front face only, dimensions typical x 2.

Figure A-21. Texas T131RC Bridge Rail, Sheet 4 of 9

50000

PLAN VIEW
TYP. BOTH POSTS

. . The Texas A&M University System
Texas Transportanon Institute College Station, Tesas 77843

Project 490022-1 T-131-RC 2011-11-28
Diauwm By GES Scale 15 Sheet 40f9  EndPost
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29'-11"

-~ x 5o @0° .
—X 300"
: Lo
G" | - Y . ~ l,: ‘:x
" ¥
— el — 17-7/8"
END VIEW @ ELEVATION VIEW Qa4 [t ™
SCALE 1:10 RAIL 0y —
TS6x6x1/4 AS00 grade C
DETAIL C
o SCALE1:20
5-3/8" +1/16"
. e

SEE 5a

o (+)

5 /R
J-0/0

JOINT SLEEVE
ELEVATION VIEWS

A36 MATERIAL - SCALE 1.5

Sa @1/4"x1/4" long welded stud (A36 rod) shown. Driving fit pin is

acceptable alternative.

Texas Transportation Institute

Project 490022-1

Diaum By GES

Figure A-22. Texas T131RC Bridge Rail, Sheet 5 of 9

The Texas AcM University Syster
College Station, Texas 77843

2011-11-28
Rail Details

T-131-RC
Scale 1:50 Sheet 50f9
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ML
I\I ll- l|‘|I ||| |;|v ||I JI

il
Al

i
il

EEI
l|‘ ‘|.|' ll‘ |||‘ ||, |||

B@T, 5/8-11(NC)x 8
UND HEAD, SLOTTED
A307 GALVANIZED
SEE NOTE 6a

Ga. This bolt may be difficult to obtain in small quantities. Carriage bolts may be
substituted, but they must be of the same size and grade and with the square
shoulders removed to allow them to fit in @3 /4" holes.

Figure A-23. Texas T131RC Bridge Rail, Sheet 6 of 9

-
1/
\
Y
k
o — etk -

Texas Transportation Institute

Project 490022-1 T-131-RC

The Texas A&M University System
College Station, Texas 77843

2011-11-28

Diaum By GES Scale 1:1.5 Sheet 6 of9 Round-Head Bolt
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R2"

10"

f
FE:L':,IH‘ = RUNV/AY
11"
* / b 4
3 4 -
/ ¥

l< 12"

7a. Conecrete 1s Class C (3600 ps1).

7d. Chamfer exposed edges of concrete 3 /4" unless otherwise indicated.

Figure A-24. Texas T131RC Bridge Rail, Sheet 7 of 9

Y

Texas Transportation Institute

The Texas AcM University System
College Station, Texas 77843

Project 490022-1 T-131-RC 2011-11-28

Drauwn By GES Scale 1:10

Sheet 70f9 Concrete Details
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i
oo
.
b
1 N
o | |, 11/2"CLEAR
I
1" [N

10" TYP noo
W
i

l__ . # PART NAME QTY.

g; LA 1 l ) 11 Transverse Bar 92
| Lt -
e L 210" 12 Rebar, #3 *
ii 13 Stirmup for Curb 92
e
v 14 L Bar 51

Ba. L-bars spaced (@ 18" and welded to existing rebar (not shown) protruding from
runway.

Bb. All rebar 15 grade 60.

8c. Longitudinal rebar lap distance 1s 16" for #3 bars.

Bf All rebar clearance is 1-1/2" unless otherwise noted.

Figure A-25. Texas T131RC Bridge Rail, Sheet 8 of 9

Texas Transportation Institute

The Texas A&M University System
College Station, Texas 77843

Project 490022-1 T-131-RC

Diraum By GES Scale 1:10

Sheet 8 of9

2011-11-28
Rebat Layout
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Figure A-26. Texas T131RC Bridge Rail, Sheet 9 of 9

-

21-1/4"

4

@ DECK STIRRUP

The Texas A&M University Systerm
College Station, Texas 77843

Project 490022-1 T-131-RC 2011-11-28
Diauwm By GES Scale 1:6 Sheet 90f9  Rebar Details

Texas Transportation Institute
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drall Transition, each See Grading Plans. §nd ;f ra;‘/ “ng/v cap.
2-1"dia. holes thru each / ee details this sheet. L .
rail tube. Extend thru both 2-3%" | 5 spaces @ 1'-6¥4" = 7"-9%" ! 3@3-1%" = 940" a viom Anole “A" ’/al;fl/a. k{»o/rs (A307) mtde§sherand
fa f 3 u ou o7 onnection Angle "A°, self locking nut or nut and jam nut.
top.aiid battom faces of tube See dwg. BR203 (NOTE 3 and SECTION D-D) Bxg tmber see details this sheet.

Guardrail Connection
Plate, see details
this sheet.

block (typ.) Guardrail Connection Plate, B
% m_ see details this sheet

t
. | Thrie Beam Terminal
¢ £ndl Rail Post—""1 —— e A\ ) Connector (1-0.135" thick)
P 2 B &
St A

7 ——|Thrie Beam
irail ele

Thrie Beam Terminal
Connector (1-0.135" thick)
element, see dwg. RD410.

= element, see dwg. RD410

80" n

Bridge end panel, see

[

31 5"

= Joint, see pmjec}w/"‘v P N project plans for details.

plans for details

Thrie beam rail, double thickness

2-3%", 2 2-0.105" thick) elements ini Tl qudrd
o Terminal connector ¢ 4 Thrie beam rail, single thkn., Fntshgrade; N ail boles |
(1-0.135" thick) element (1) 0.135" thick element, X ~

see Std. Dwg. RD410 5
LL._—M—’,

: B
N ECTION B-B "
ELEVATION: TRANSITION CONNECTION SECTION B-8 oL
.135"
l b4 Y/ | . * Transition top of rail to Connection PRI ;:’Zsi::'l’?onnenm
5" ol gy " Bridge end panel, see match 31" approach rail
2-%5" dia. galv. bolts (A307) w/std. L.M_| NOTES project plans for details. as shown on this sheet. Bolt to be flush .2
washers and lock nuts or jam nuts of CGuardrail Connection may be omitted on exit end of one with back of plate
posts. way structures when omitted on detail plans.
ELEVATl O N Last bridge rail post may be side mounted on either precast
slab or on end panel, see project plans. !
End panel must be thickened near posts, see project plans. _QET___A_LL____

TE
Verify that all bolt hole locations match
4" Thrie Beam terminal connector holes.
PLYjox 33X 574 "

1!
%" dia. welded ah‘ RN A < ] 4
£nd of rail cap stud, typ. S oot 10" \ J’zl_ﬁ" o 26 . e
" S fet2 = o W
€ £nd post —\ TJ» o X N
7% g, 17" typ. e Lo | T"T_l
B2 ShiE “ N ef . T i
| ~l & 48 2-1"dia. holes 3 = - about €
- PL 6 x 34 x 7, ‘ope corners ¥; Connection PLY; f o R
[ T.\’:; 18 % £ to provide zinc drains = SECT' 0 N C—C D H .»? D
Tax 1" . 1 ™
. slotted holes JELE S UPPER RAIL TT e . 2-1"dia. holes for 75"
:‘Jei’/" shotzed - ﬁ'l 3| N BOTTOM RAIL - 2 1-2%" | 1% dia. (A325) bolts shown thus 4
- Cope comers %" to 7},]7}' |~ 2-1" dlia. holes Callmec{/’on / Drill and tap 6 holes for 75" dia. —
il By provide zinc drains. + -y PLYzx12x22 (A325) bolts shown thus, @ see Detail ‘A
t T . T L4x 3ox Fox 1'-7"
e Install angle with washers
L3x4xVex1-10 and self locking nuts or 0 N s'/ oty GUARDRAIL CONNECTION PLATE DETAILS
connection angle "A"™ agiof nuts and jam nuts. Connection PLY; — y
2-1"dia. holes in
CONNECTION ANGLE "A" angie ) -2 di. reduced base Pt ies e 2 Rp480_RD105, KDI10
welded studs on each rail cap n O1-JAN-2016
at guardrall connections. SECTI ON D_ D CALC.BOOKNO. _ _ _ _ _ _ _ _ _ _ _ BASRUNE REPORT DATE oo WO TR O e o

NOTE: Al material and workmanship shall be in accordance with

RAIL CAP DETAIL the current Oregon Standard Specifications

The selection and use of this
Standard Drawing, while de— OREGON STANDARD DRAWINGS

signed in accordance with

generally accepted engineer- 2-TUBE SIDE MOUNT
ing principles and practices, RAIL TRANSITION
is the sole responsibility of

the user and should not be 2018

used without consulting a REVISION_DESCRIPTION

Registered Professional En-

gineer.

Figure A-27. Oregon Two-Tube Side Mount Rail Transition
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€Te

z Pay Length for Rail
Posi

ts at equal spacings, 6-3" max.

(See Project Plans)

) See dwg. BR203
| 7F [ (NOTE 3 and SECTION D-D)

- W6x9

T

f— W8XI5

NOTE
Guardrail Connection may be omitted

PLAN

on exit end of one way structures

when omitted on detail plans.

5
Rail splice

Lig+6"
N

¢ End Rail Post P

For guardrail connection
details, see dwg. BR230
o

A

(Continuous rails over

2 or more posts) 7

3", Ctr. of
. | bolts
Galvanize-Control 8 Terminal connector
/\Slllcon o) / 1-0.135" thick element

gl

/
7

T

|
|
1
]
|

=t
Hx

i ]
 m—
—yE

2-73" dia. galv. bolts
(A307) w/std. washers

i
/ 243",
and lock nuts or jam nuts

ELEVATION

e 2-1V3" dia. holes *

IN- Cast 1" dia. voids
behind each nut *

ANCHOR DEVICE

|
Ctr. of
posts

A H556x4x’/414'lan97

NOTE
Plug or block off holes and
threaded area during casting

orstbs SECTION B-B

1"dia. H.S. nut tack welded to
plate (two places, opposite side)

6-%"dia. x 12"
welded shear studs

Cast 1" dia. voids
behind each nut *

PLYsx1V>x6

SECTION C-C

2-L6 x4 x ¥ x 6"long

[

2 _L 5" dia. H.S. bolt (*).
;/VE
#

7s"x1" slotted holes in
3 post (position plate washer
N‘ .1 to completely cover hole).

|

84"
&
T4

5
3
o\

2-75" dia. holes (ea. angle)
for ¥" dia. x 34" bolts.
2-L6 x 4 x ¥ x 6" long

veTe 09|

1-0%"
N
k3

Finish grade

10"

1-1%"dia. holes (ea. angles)
for 1" dia. x 7%;" bolt.

r ]
30 |~ ll\— 2-"%5"x3" slotted holes
g %e

|24

HSS8 x 4 X %6
HSS6 x 4 x Vs

Top and btm.

AHSSEXJX Y4 x 4" long

NS See Anchor B
"\15 Device
| 9292929.75%

‘«1

1'-3"min. _depth
1

L
J
N
2-75" dia. holes in outside S
flange for utility hanger | 67 Li

v
PLY:x8x5
/ A

Threaded ¥," reduced weld
base stud x 2" long with 1
plate washer (17:"x2"x%6").
% 1 lockwasher and 1 nut
(4 req'd. for each post).

Wéx25 post at
/ 6'-3" max. spacing.
Center line of '%6"x 5/>"
/ slotted hole in post.
2-75" dia. holes (each angle)
/ for 7" dia. x 34" bolts.
s Vs
xV
X

L 1-1%"dia. holes (ea. angles)

NOTE
Adjust location of slab
longitudinal bars as required.

for 1" dia. x 73" bolt.
2-'%"x3" slotted holes for
%" dia. x 6" bolt.

HSS6 x 3 x Yy x 315" long

TS
® T
i R SECTION AT RAIL POST
SECTION A-A L P e
GENERAL NOTES

Grind L6 x 4 x Yy corners

Fo\

1" unless otherwise
noted on project plans

Grind all edges prior to
galv. to assure proper fit

3Vs" Upper

(ASTM A36) unless otherwise noted.
Provide bolts ¢ ing to AASHTO

Provide structural tubing according to Oregon Standard Specification 2810.20.
Provide structural steel shapes and plates ¢ i i

ing to AASHTO MI183

MI164 (ASTM A325)

unless otherwise noted.

Fabricate shear studs with material, welding and inspection according to

Section 7 of AWS D1.5.

Construct rail normal to slab in both the longitudinal and the transverse

directions. When wearing surface thickness varies due to beam camber and/or
superelevation, vary rail post lengths to provide uniform rail height. Field verify

post lengths before fabrication.

Hot-dip galvanize structural steel including fasteners after fabrication. Provide

Galvanize-Control Silicon posts and

rail steel tubing

to ODOT

Specification 02530.70. Tap nuts 0.021+0.01- 0.00 oversize after galvanizing

in accordance with ASTM A563.

Tighten upper post bolts 240° turn past snug tight condition and lower post bolts 120°

turn past snug tight condition.

Estimated rail mass (for slab design) is 72 Ib. per linear foot.

16

and practices, is the sole respon-
sibility of the user and should not
be used without consulting a

DATE

01-17

Do not use this rail for 12" and Slab No. 9 of the 15" Std. Precast Slabs.
o 3|8
.. |8
v -3" min. x| £
PLix6x1-7 S8 Accompanied by dwgs. BR203, BR230
g
N x ALK BOOK NG st e BASEUNE REPORTDATE _ _ OI-JAN-2017 _ _ _ _ _ _
Tl sqlaars gar NOTE: Al material and workmanship shall be in accordance with
Make splice tul e typ. the current Oregon Standard Specifications
P
3" long high strength coupling from, e e OREGON STANDARD DRAWINGS
nut ASTM A563, Grade DH for Drawing, while
RAIL SPLICE DETAILS in accordance with generally 2-TUBE SIDE MOUNT RAIL
accepted engineering principles

2015
REVISION DESCRIPTION
Changed T5 to HSS and edited general notes.

Figure A-28. Oregon Two-Tube Side Mount Rail

0Z-TT7-€0-dHL "ON Hoday J4SHMA

020z ‘e¢ JaquiadeQ



v1¢

¢ o €. ¢
LET Poy Length = 6 Spoces @ 1905 = 11430 | 4 Spaces @ 1905 = 7620ﬁ»5 Spaces O b Spaces © 145t
| 953=2859 476=2380 S
Dé':‘é i i g B i i i fi [ N S i il

TRANSITION PLAN

AL

SCALE 1:40
&
i 25434 I
|_ ET2000-LET = 11430 4 Spoces @ 1805 = 7620 Trensition from end of rail = 6384 -

; =
= %
-

TRANSITION ELEVATION
SCALE 1:40

11

N
3
1

qu‘mﬁ

-194—|1ca- 3

__W200x22 T -+—100
Tl H (wisx15) ! i > — t—
TOP VIEW 2 T 200 || 10
s 550 L
26—+ 29 —=f b 5 -
] ﬁ LIt _‘L—‘l—‘-‘-o
H R Y 3 ©
I i ‘{ ‘ E; T =1 =0T T R ETIT t l 1:0
—Hog— 33 I - g 3 g8 =B (== =]|:= = 360 4 benes 20 o
1l = T L = =] =] M=l ——— HOLES
= i T TH T T i l 180 ™
150 2 EIHE @ 1830 t
0P ViEW 1 il Tl
-J 29 29 DETAIL_OF MODIFIED
FRONT VIEW SIDE VIEW SACK VIEW © 1100 BLOCKOUT (PDB02)
WI50X13.5 &

/‘ (W6X3) \ PWEDT POST

THRIE BEAM BLOCKOUTS W150X13.5

SCALE_1:10 - -
o The Texas A&M University System
>0 1 )
1.) Steel for wide-flange and Revigions TEXAS TRANSPORTATION INSTITUTE
vlockouts shall meet ASTM ol _Date I87]  coLLEdE S'?ATIO‘J TEXAS 77843
L AZ6. TP 3 N, g
FRONT VIEW BACK VIEW 2.) Golvanized S——-———l’f‘ ON _B-B X .:, Project No. | Date | Drawn By | Scale
{4 i = LENGTH OF NEED 1 |4/99
e 3.) All holes drilled o cen . - 40431 /! JAD

THRIE_BEAM_POSTS S 8 SECTION A—A IR X TR BT
SCALE 1:10 SCALE 110 & THRIE BEAM TRANSITION | 1 of 2

Figure A-29. Alaska Multi-State Thrie-Beam Transition, Sheet 1 of 2
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h} Spoces @ 953 = ?BSQ*IR

N1

f

5 Spaces @ 476 = 2380mm

fF=1] 3.1 Siope
13mm Plote
e

=
3 457
_ WEXS Steel Post & [RANSITION PLAN
PDEO! Steel Post & W8X15 Steel Blockout — g oy e
Modified Wood Blockout See Detals on Sheet 2 SCALZ 120 § End Rai Post
See Details on Sheet 2 i
Thrie Beom roil Thrie Beam
(Double thickness) 730 . Terminal
(2) 12 go ccme’*ls_\ 654 —=1 Connector |
T T 1 & ud b =
)
e y— SN
—— 2. * “llole | ~,
I L

THRIE BEAM
TERMINAL
CONNECTOR —]
(1) 10 Go. element ’

( € End Roil

T

654

Bl

Post

22 Dio. belts (A307)
with washers ond self locking
nut or nut end jom nut

Transition Plote

-

TRANSITION ELEVATION
SCALE 1:20

GUARDRAIL CONNECTION PLATE

Asphelt

R a76x121%121

CONNECTION ANGLE “A"_ 4411 T GUARDRAIL CONNECTION PLATE See cetails this shesl T Soria: Cheyars. {vwi
See detoils this sheet T\ 77 4ot Jo— 368 —=t 1" See details this sheet to provide zinc droins End of Rol Cop
T‘ — 51l | 41 Tronsition Plole THRIE BEAM o127 = Install angle witn el 127 /_ G End Ral Post
THRIE BEAM = il 1 3X402X232 TERMINAL 524451 washers ond self 29 44 =17
roil elements —f= X = CONNECTOR { locking nuts o nuts SN
) . 9 | (1) 10 Go. element § 1§ A Lotk i 32 Hie
16%D1a;. guord o - T > ¢ bt B T 2 ~ 3/4% reduced { >
rail belts T = = oo - -|— bose welded studs on T =) T =
h il €O it ord Y
et TS e e s ese T 3]
[= . A~ \T—V 5< edge flush ¢ i = sde - 1_ O
I ] with surfoce ﬁ/\/ 5 Leg of connection angle 2 ;E 2 $ :3;.,33 Slotted
)
ELEVATION — TRANSITION CONNECTION ION C-C RAIL_CAP_DETAIL = {‘ 1 i o
R 102X10X824(A36) L. 824 127 I ‘\ . \‘
38 369 —efe— 417 (4) 22X31 Siotted Holes —
{ i R 76X126X6.35X540
|a
115 Te b 5 S 13mm Connection R
| r P | 63+ 73 = il 1 * CONNECTION ANGLE A"
R + |
_%% { l ‘,’ s i (2) 25 Dio. Holes - SLaE 10
10} D 3 x - 3=t I~
4 ® f————————<—< Grinc Smootn = 5
5 g e B g : SECTION D-D I
g t AL 1 — Thrie Beom
- E g 1 l - \ \ E 824 Connectior pne'c\f Terminol, Conector
~ o~ = . . L n L
d & B 102X102X10X824(A36) ——.
3 ; VO 3 T3 s — | 7, - —
! [ 3 7§ [ 13mm Connection # The Texas A&M University System
. L - L
T g - -
- 340 —=f e A 1 / 7. Revisons _{ TEXAS TRANSPORTATION INSTITUTE
(4) 25 Dio. holes for \_ 07 onc tap 4 hates 5 0 = 8ot to be tusn /" 14 [Nol_Deie TEy] (OLLEGE STATION, TEXAS 77843
22 Dio. bolts (A325) for 22 Die. belts (A325) (2) 25 Dio, Holes _F with bock of plote _/6.]_ T
shown thus €. shown thus @ See Detall "A"  in Verl. leg of ongle [ 242 ~1=203=17 306 —= 5 2 Project No. | Date | Drawn By | Scale
(Cope o5 shown) N—d=-g e e 5 404311 | 4/99 JAD
GUARDRAIL_CONNECTION PLATE DETAILS SECTION E—E QETAIL A o ALASKA MULTI STATE | Sheet Mo
SCALE 1:10 SCALE 1210 SCALE 1:2 5 THRIE BEAM TRANSITION | 2 of 2

Figure A-30. Alaska Multi-State Thrie-Beam Transition, Sheet 2 of 2
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7 SPACES © 3050 = 21350

b s I I 78—
1 [Tl < [l N
— il
= ~—~—_ —] |
—A PLAN
22860
Hl—1 [ 00 . T 75—
- —] i e =
N in =< 11 111 -
ﬁl r 4] | =S S
ELEVATION
POST
€ FOR POST AND ANCHOR BOLT

5~§13 BARS
()

40 mm Noa~Shrinking

Grout ~

3 HOOP BAR
LA oaw\\l

AND PLATE DETAIL SEE
STEEL DRAWINGS
/'1

£160150 (ONG STL

1160130 (10P)

80 CiR.

Omm ASPHALT WEARING SURFACE

TOP. SmemX7Smm BAR WELOFD TO ALL 0P REMFDRCEMENT
BOTTOM. mmX7Smm BAR WELDED 1O ALL BOTIOM REWNFORCEMENT

Existing
Rebar

R A RIS

it

Existi

/nc.

-

ng’

SECTION A-A

Figure A-31. Alaska Multi-State Bridge Rail, Sheet 1 of 3

310 1/47 {

.

MK401~§4 (EPOXY COATED)
(200 REQUIRED)

7 T
I

MK502~§#5 (BARE STEEL)
(200 REQUIRED)

MKS03: #5 EPOXY COATED © 20 FOOT LENGTH

(36 REQUIRED)

MK403: §#4 EPOXY COATED @ 20 FOOT LENGTH

(42 REQUIRED)

175

1

t-s—s' 10 1 /4"—_.1
MKS01~§5 HOOKBAR (EPOXY COATED)
STO HOOK (200 REQUIRED)

3/4

I
] el

(65 REQUIRED)
MK402

HOOP BAR (f4)
(EPOXY COATED)

REINFORCING DETAILS

NOTES:

1. GROUT FOR POSTS SHALL HAVE A MINIMUM 24 HR. f'c OF 3000 PSI.
2. USE ADJUSTMENT NUT TO PLUMB POST IN THE VERTICAL POSITION.
3. CONCRETE STRENGTH: f'c=28 MPa

The Texas A&M University System

Bevisions TEXAS TRANSPORTATION INSTITUTE
ol _Date IByl COLLEGE STATION, TEXAS 77843

Project No. Date Drawn By
404311 |7/98 WFW

ofa Jes[rof=

A
BRIDGE RAIL
CONCRETE
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22860

i 3050 3050 —i- 3050 3050—-|-755—
_ —>A
sl m in m a
. ‘! 11T o~ s @ 0 1?' - —
— A
BRIDGE _RAIL _PLAN
7620 MM FROM END TO WORK POINT (SEE FIGURE 4)—— ofe 7645 MM FROM(SVG‘L?R'F“GZ?;ST“)’O WORK POINT __ 4. 7595 MM FROM WORK POINT (SEE FIGURE 4) TO END

SEE DETAILS 1 & 6 (TYP.)

SEE DETAIL 4 SEE DETAIL 4

v,m ani 7t 4

= =—F il ¥ =
LI g

FABRICATOR TO PROVIDE 2 EXTRA (3 TOTAL)

- - OF THIS RAIL ELEMENT WITH WELDED SPLICE
BRIDGE RAIL FLEVATION (FRONT FACE) L

N

NOTES:
ALL DIMENSIONS IN MILLIMETERS

RAIL ELEMENTS SHALL BE SQUARE STRUCTURAL TUBING
CONFORMING TO ASTM SPECIFICATION AS00 GRADE BA618
OR AS01

STEEL POSTS AND PLATES SHALL CONFORM TO ASTM
SPECIFICATION A36 UNLESS OTHERWISE NOTED.

ALL STRUCTURAL STEEL INCLUDING FASTENERS SHALL BE
HOT=-DIP GALVANIZED AFTER FABRICATION, EXCEPT AS
NOTED.

The Texas A&M University System
Rovisions TEXAS TRANSPORTATION INSTITUTE
Hol  Date 4571  COLLEGE STATION, TEXAS 77843
L L] Project No. | Dete | Drewn By
404311 | 8/98) wrw

BRIDGE RAIL
(STEEL)

2
3
4
5

Figure A-32. Alaska Multi-State Bridge Rail, Sheet 2 of 3

0Z-TTH-€0-ddL "'ON Hoday 4SHMIN

020z ‘e¢ JaquiadeQ



8T¢

125 125 -
2-Threaded 19 Dio 40— |- -.| b 40
Reduced weld Bose l

Stud X 51 Long (SEE DETAIL 6) 100,
W/1-P Washer 'C’ {SEE DETAL 5),
1 Lock Washer & Nut ©

1

Figure A-33. Alaska Multi-State Bridge Rail, Sheet 3 of 3

4-22% HS. ANCHOR
BOLIS (;}25).7 457 mm LONG,
1

THREADED 127mm min. WITH
2 NUTIS AND FLAT WASHERS

0C Ga. 2-TS 127x127X7.9 Q -f
b e 50~ 3 1S5
50 "
[ b ['“ 25X38 HOR. % 2 5 e + 3o * *
SLOTTED _—
T 161 <A HOLES IN W200X36 POST — 1 s
W200X36 9051-\50' POST (Typ) {k S S & N B B
SEE BASEPLATE DETAL 323 oo 1 oy \
OETAL 2
TACK WELD PLATE BOLT
AI—A 4] 4 . 4~29mm HOLES FOR 22mm DA HEAD TWO PLACES (TYP)
ANCHOR BOLTS.
190 190
g ——X e 4Lk =i
SEE ANCHOR Pulebmtfl§\ _SEE POST FROMT viEW R 25X330X305 3%
DETAIL 1 ~ POST FRONT VIEW DETAIL 2 ~ BASE PLATE DETAILS S fusey, carvanzin
125~ NOT REQUIRED.
12 POSTS REQUIRED (4 EXTRAY) (12_REQUIRED (4 EXTRA)) I Y D ' (8
2= Scole 1:10 Scale 1:5 i ! ]
SECTION A-A 1_‘[0_ 4, /
1s / 7\
| 10
19mme CALV TS127X12727.9 \
SIUD 51 LONG ns
W/1-PLATE WASHER-C ik A i
1-LOCKWASHER 64
s K [ b T ‘;‘
| Lois2
G S —- -l 127
I 4~249 HOLES FOR
22¢ H.S. (A325) ANCHOR BOLTS
€ WORK GRIND AL £DGES PRIOR 10 J
POINT GALVANIZING TO ASSURE PROPER f~127—~ gq
FiT 6 TION B-
i DETAIL 6 ~ BASE WELD STUD TAl ~ Hi PLA T
DETAIL -
l—140 105+ (10_REQUIRED (2 EXTRA))
/ q l: j =92 10 UL SRCE: LENET: (D) (32 REQUIRED) Scale 1:5
25 Scole:1:5
NOTES:
% $ % 107 ALL DIMENSIONS IN MILLIMETERS
5 RAL ELEMENTS SHALL BE SOUARE STRUCTURAL TUBING
/ J / MAXE SPLICE e mﬂ* il CONFORMING T0 ASTM SPECIFICATION AS00 GRADE B.A618
FROM 10 mm PLATE OR ASOV
TS127X127X7.9 {OMERSIONS, ARE FROM STEEL POSTS AND PLATES SHALL CONFORM TO ASTM
. WEID )., iy 2 SPECIFICATION A36 UNLESS OTHERWISE NOTED
INSIDE TS127X127X7 9 [ ALL STRUCTURAL STEEL INCLUDING FASTENERS SHALL BE
AlL 4 ~ RAI PLI TAl L] HOT-DIP GALVANIZED AFTER FABRICATION, EXCEPT AS
NOTED.
(4_REQUIRED) S0 -11— \ - -
Scole 15 ] T ok e o O The Texas A&M University System
= “n"::’“’ TEXAS TRANSPORTATION INSTITUTE
m .
DETAIL 5 ~ PLATE WASHER--C L Pﬁﬁ“ﬁ“ SET'O"-WTEXA: 77::1
- 0. e ‘awn -ai
(40 REQUIRED (8 EXTRA)) : 104311 g/gul Wi
Scale: 13 ALASKA MULTI STATE
: BRIDGE. RAIL s;“:,";
e T OO e O
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€ Exist Anchorage ~.i

840"

Length for Payment - Metal Tube Bridge Railing (Type 115) - 10 spaces @ 8-0"t =80"-0"¢

€ Post r-g"
' Anchor € post € Post

r-0°

See "Exponsion Joint Detail “on

’
£ poat

"~ frost = o
-

E—_ [ “Fest ailing- Details No.2* sheet
(Etp st 1 € post / q&}
;

T

o o

st | county

REGISTERED ENGINEER - CIVIL

Type 115 rail tub
2 roil tul e\ Pk

I
T

73

H
£

B

ANCHOR PLATE DETAIL

o /4 Y
5/8" 8 bolt w/washer &
plcriduetig 4 s
= & ~“ >
|z S i —l
=== =
b / ¥
N
Va'x3%"x B8R L
:I: (L,r D {L %"x3"xd" R : N
Al 116" Bhole in V2R E
2" 3 3 =y %
Type U5 rail tube SECTION B-B
1" R
Yo' 01

GENERAL NOTES

DESIGN: BR'DGE DESIGN SPECIFICATIONS (1983 AASHTO
TRANS).

with Interims and Revisions by CAL’
STRUCTURAL STEEL: Fg = 20,000 psi

A77-D Barrier and Guard Rail Anchors

i = = 5 i Exist Guard Rail Anchor
AR See "Anchor Plate Detail™) F
Exist Cable 3/4* 8 Cable w/swaged fitting and stud Enstconcitie fod éf’ /
Anchor Assembly '
__ELEVATION Type 15 rail fube Anchor Plate
Va0 \
E T T I T T T T T T % \
G ==, a8 bolt with
washer and
————————————————————————————————————————————————————————————————————————— Type 15 roil tube~ o aut, fot 8
PLAN
Ja" 10"
ANCHOR PLATE MOUNTING DETAIL
8 ' No Scale
& 20"
“ig"Bhole tot 8
l— sexr-rxr-2* R

D/Mela/ Tube Railing (Type 115)

~ Exist Anchor Bolts
-~ Exist Concrete Pod

SECTION A-A

TV

Ya" 210"

Ys"0"-1"
oEesien B - ‘ [ State of DIVISION OF STRUCTURES |_sawcewo. }
cerans -j,.-“: 7““ ovea ~—1 CALIFORNIA STRUCTURE DESIGN Ji s ME TAL RAILING (TUBULAR) TYPE IIS
plgase = DEPARTMENT OF TRANSPORTATION |__ TEST RAILING - DETAILS NO. |
T — I "omGmAL SCALE tn NGRS R e 3 T > Crr =
S dauen o ; 3 |€a636979 ol

Figure A-34. California Type 115 Bridge Rail, Sheet 1 of 3
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Ycxak” 3% 2* 4 ami | Troff de 15 6 2& <O
Siotted Hole E - in, Backup R Yo x = H e 3
e - P}—— 2" dge of slotted hole ——1 <S\—r e min E.._..-.-.I - Sl r..—,]I —
V 10" PLAN (-9
72" 8 hole near T / T Pl ok At %l a¥jay
ELEVATION Yo ‘o;:‘ 6:;:?‘:;“ L, Type of post Setermined A
%" # HS Bolt with i 5 ~N T—E,f? o802
Hx hess, clond  (Roadway § LEEVE = SECTION §-S ; “w :
i ey e By foxa 2 ! Hea o — a7 [ HE= Sl et SEET S
» == — Sleeve formed of Yg" A X
{ B3 } for sliding fit inside of SHOP FABRICATION-WELDED _TUBE SPLICE / See Detail e METAL BOX OPACERS
rail tube, bend thusly: /
e = s vl
Mote: ¥" nut l _ ( ¥ nut (Tack weld to sleeve). e e i > T ;LI'—’J'{":T_‘J; .
T e Canlaead - €8 Min_| “Slecve X/ -1 st T A -0 Typicat I I
L ARl
ferms vl |1 or moteh dmckjomt Glose end of 2@ e eost P 2 I
g e T See Noted B & 2 Place vent hole & | [.8-0" Mo Post Spacing |
BLAN . ' Lt PLAN S
Metal Beam Rail/ r-o't Ve seron T g
DETAIL "A" TUBE SPLICE DETAIL mey Be cut Fram
siternative terminal
2 Joinds in ona panal staggered as
°ﬂ ; section or fabricated. 'lhow"r\ ;‘r‘:v\d':n.dp:nly at .s‘."éu sty
%5 | @G, Total 5 e ! Length for Pa th_for Sou b (Type | ST
Roc: < '8 X LR” Pay Limits-MBGR o yment Leng oc_Payment (Type 118) x
per post. = 3 e theade stud bgu» ] \ Tye..
e t bﬁ'hnjnds total 2 o 1% = Y 01 Adjust height to provide E:—.] chee iy s See Note 4 &3 22
™ Noll Reinf. . R washer a smooth trur\llhcr\ from erdl 0 End Post P
::] A / 2-%8 Min. 1 post fo typical MBGR height.) | | | ec:‘i Detail A" Typical \\
= s -\ | Ses Detail *2” gre———ry — z
: p Hex Nut H ]
l-m'-‘:ﬂ_ N!Ef‘-_p%" I Sl TS §x4&x% .25 L‘ =N :A / e — B —
Washers— N [ r 1 ﬁ_,a.;'-;'
cut Washers ! : b P i T | JI { - —
:l: n:s‘m:m 2 e 0 sl | I e * 1% °I (n- s-3 l_ u_\
- v fe
lengih see Naters | Lok Weshars | e ek ®hole. o o ; —
Metal Sox =2 Top oG deck -G Min., cch exp.
Note > 8" \ - :u\*\*ﬂtﬁ?j‘*rahqn SECTION min. | Spocers ].___'_ Joint.
= utt weld. 1
12" % TopRods ond 1"¢ Potiom "2 s L\ . $ (> ho!
] ’!;odanwdho.n SAT= Al )Yg_()‘-o o4 '( PLAN y- | 3% ;::fz'; ;Z.ann: roge
56 P LAl B.G.R.
an e TioN %" O +% —o b deaiial _SECTION. ELEVATION } 4 +
_SECTION - = Note:
RAIL POST ON WALL % L‘Z] *‘z‘! METAL BEAM APPROACH A $3-5= for RAIL ELEVATION g oS
M i %1 %G —g_ﬂ'ﬁ_ Vo % thin slab e s e :-.;"\nko:n.';_; 1-0
= i} ) slotted holes. " B StifFanar: each not shown. ¢ gy post—] etal ox Spacer
X £ A Squore cut or grind 3 Iy Square cut or grind. side of web, Cut Washer
[— o TS Sxdx 28 «l i ! » ( TS 4% 4 %128 - N\ /C B
?‘H d g\_ -/? LS /“:lomd rs
Y%e | . "
o P T [ Eoe RS I P R 5 =
S =l = Wi cut
o IS 6@>‘n‘ 4 x 2°-0° W3, rods (threaded A 6@:"”&' B R 3% adgn0-8 (Tack I wsh
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Figure A-35. California Type 115 Bridge Rail, Sheet 2 of 3
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Figure A-36. California Type 115 Bridge Rail, Sheet 3 of 3
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Figure A-37. New Hampshire T2 Steel Bridge Rail Transition
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1ot ® HOLES 1111 THIS BRICCE RAIL SYSTEM WS SUCCESSFULLY CAASH TESTED FOR AASHTO FLZ IN 1994
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Figure A-38. New Hampshire T2 Steel Bridge Rail
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GENERAL NOTES

TO THE STEEL END POST.

Y PLATE THICKNESS \\
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THREADED SHOP
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TUBULAR n
STEEL %" DIA. X T H.S. HEX [ \
t::n;énc_w BOLT, NUT AND WASHER ' s
THRIE BEAM TERMINAL m o
CONNECTOR —

%" DIA, A325
ROUND HEAD
BOLT WITH NUT,

FRONT VIEW

%" DIA. X 7" H.S. HEX

BOLTS, NUTS AND
WASHERS (2 REQ'D.)
WASHER AND ANCHOR
LOCK WASHER PLATE o O [~ Eno posT
(4 REQD.)
Rl I l.I
=
\y oy \\\h I MARTERS IL‘ I /
/ v,@- OIA. X 1Y3" >2 [= ol P g
BACK-UP PLATE THREADED SHOP /
TUBULAR STEEL WELDED STUD THRIE BEAM
RAILING TYPE "M WITH NUT TERMINAL
PLAN VIEW CRPECTON

THRIE BEAM CONNECTION TO TUBULAR RAILING, TYPE

STEEL THRIE BEAM STRUCTURE
APPROACH. CONNECTION TO
BRIDGE RAILING TYPE "M"

STATE OF WISCONSIN
DEPARTMENT OF TRANSPORTATION

APPROVED
8-3-202 /57 _Jerry M.Zogo
DATE ROADWAY STANDARDS DEVELOPMENT
ENGINEER
FHWA

Figure A-39. Wisconsin Thrie-Beam Transition Connection
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> SEE STANDARD 30.02
SECTION A-A

A TE TO TOP MAT OF STEEL.

8 ROWY. OPENNG OR 2//5" MIN. FOR
STRIP SEAL EXP.JONT & !/z°
OPENING FOR Al ABUTMENT.

€ RAIL POST

D) [ PR
PROVDE /, DIA. DRAIN_HOLES N LOW SECTION B-B
ND OF ALL RALS CLEAR OF SPLICE T s
T T A Tl TH POST
‘k
3 - Ve X Vs
Fraferion %_\ Yo Y
Ca\ [ o
7100 1 i — —
wigea/ | .
@-\ U N i, HoLE
' A
: \
iy 5 SECTION THRU RAI
e HOP. RAI NOTE: CONECTIONS AT LOWER RALS SHOWN.
PLI TAl TYPICAL RAIL TO POST_CONNECTIONS
ANCH T SHOWN'ON S0P DRANGS)

*FOR ANCHOR BOLTS IN

WINGS,

ET mm
Q POST - Q PLATE @)

TOP_VIEW AT END POST

(THREE BEAM RAIL ATTACHMENT)

qQ @@ =
N\ m‘ﬁléf

L

ANCHOR PLATE
AT BEAM GUARD ATTACHMENT

SECTION C-C SECTION D-D

@ Yz THK. BACK-1 uP PLATE WITH 2 -
<—() 0,108 BATKHS T s T

LEGEND

@ W6 x 25 WITH 1/ X o HORIZONTAL SLOTS, ON EACK SIOE OF POST FOR
BOLT NO. 6. CUT BOTTON OF TO MATCH CROSS SLOPE OF ROADWAY.
PLACE POST VERVICAL. FI.ACE POS'S NORMAL TO GRADE LINE.

@ PLATE l'/a X 1Y x 1-8" WITH 138" X SLOTTED HOLES FOR
ANCHOR BOLTS NO. 3. WELD TO NG, 1AS'SHOWN. SLOTS PARALLEL TO SHORT

SIDE Of
@ ASTM A449 - 1/g" DIA. ANCHOR BOLTS WITH NUY AND NARDENED WASHER
(ALL GALVANIZED), 5 REQ'D, PER POST. THREAD E_NORMAL TO

Wi USE 10%4" LONG
ALL OTHER LOCATIONS. (AN EOUVALENT INHE QED ROD WITH NUTS AND
HARDENED WASHERS MAY BE SUBSTITUTED FOR ANCHOR BOLTS IN WINGS
IF REQ'D. FOR CONSTRUCTIBILITY.)

(@ % x I x I-8" ANCHOR PLATE (GALVANIZED) WITH 13{g" DIA. HOLES FOR
Rclor goLTs No.3

@ TS 5 x 4 x 0.25 STRUCTURAL TUBING. ATTACH TO NO.1WITH NO. 6.
€D TS 5 x 5 x 0.25 STRUCTURAL TUBING. ATTACH TO NO.1WITH NO. 6.

@ %" DIA, A325 SLOTTED ROUND HEAD BOLT WITH NUT, ¥e" X 1%" X 1%"
WASHER, AND LOCK WASHER (2 REQ'D. AT EACH RAIL 1O POSTLOCATION)

" X 1" 'NREADED SNDP WELDED STUDS

ETAIL. REQUIRED AT THRIE BEAM GUARD

RAIL nucuuvs ONLY. PLACE SYMMETRICALLY ABOUT TUBES NO.5A.

@ 1" DIA. HOLES IN PLATE NO.7 & TUBES NO.5A FOR %" DIA. A325 BOLTS
WITH HEX NUTS AND WASHERS. 6 HOLES IN TUBES AND PLATE NO. 7.

(® SPLICE SLEEVE FABRICATED FROM Y4 PLATE. PROVIDE “SLIING FIT",

@ %" X 3%" X 2'-4° PLATE. 2 PER RAIL. USED IN NO.5 & 5A.

© ¥ XWX 2o PLATE USED N NO.5, %" X 3%" X 24" PLATE USED IN
NO. 54, 2 PER RAL.

'S ROUND HEAD BOLT mm NUT VIASPEH. AND LO%: ersusn. USE

LONGIT. SLOTTED HOL|
SLOTTED HOLES AT ElP. JOINYS IN PLHE NO.

@ %" DIA. X /2" LONG THREADED SHOP WELDED STUDS (2 REQD.

@ %" X 8" X r-6" PLATE. BOLT TO RAIL AS SHOWN IN DETAL. REQUIRED A
VNRIE BEAM AGI.IARD RAL ATTACHMENTS ONLY. PLACE SYMMETRICALLY ABOU'

@ %" DIA. X 2" LONG A325 HEX BOLT WITH NUT AND WASHER (5 REQD.).

® I DIA.HOLES N TUBES NO.5A FOR 7" DIA, A325 ROUND HEAD BOLT WITH NUT,
WASHER, AND LOCK WASHER (4 REQ'D.). 4 HOLES IN TUBES.

NOTES
1 BID ITEM SHALL BE "RALNG TUBULAR TYPE M B-.-_" WHICH
INCLUDES ALL ITEMS SHOWN,

2 RAL PDST AND BASE PLATES SHALL CONFORM TO THE REQUIREMENTS
AT09 GRADE HOLLOW RAILING STRUCTURAL TUBING SHALL
TO THE REQUIREMENTS OF ASTM A500 GRADE B OR C WITH A
CERTIFED FY = 50 KSI. ANCHOR PLATES, AND SPLICE TUBE PLATES SHALL
CONFORM TO THE REOUIREMENTS OF ASTM A709 GRADE 36.
3. THE NUT SECURING THE POST BASE PLATE TO THE CONCRETE SHALL
BE TIGHTENED TO A SNUG FIT AND GIVEN AN ADDITIONAL /3 TURN.

4, RALS SHALL BE_CONTINUOUS OVER A MINIMUM OF THREE (3) F’O‘SVS
WITHOUT SPLICES WHERE POSSIELE RAILS SHALL BE SPLICED IN A
’EL OVER EXPANSION JONTS.

5. ENDS OF TUBE SECTIONS SHALL BE SAWED. GRIND SMOO'N EXPOSED
EDGES. ALL CUT ENDS SHALL BE TRUE AND SMOOTH,

6. WELD IS THE SAME ON BOTH FLANGES. FLANGE WELD DOES NOT
REQUIRE MAGNETIC PARTICLE TESTING.

T. FILL BOLT SLOT OPENINGS IN POST SHIMS AND PLATE NO.2 AND CAlLK
AROIIID PE| E PLATE NO.2 WITH NON-STAI GRAY
UMINOUS JOINT SEAI.ER. S'EEL POST SHIMS MAY BE USED MER
POSTS WHERE REQ'D. FOR Al

8. POST BASE PLATES SNALL BE FLAT WITH ALL SURFACES SMOOTH AND
FREE FROM WARP AND ALL EDGES SMOOTH, STRAIGHT AND VEHYICAL‘
ALL PLATE CUTS SNAI.L 'S VAGHNE 0% WACHNE FLAME CUT.

} L—EDGE or PLA'E 8

DETAIL_AT END POST

(THRIE BEAM RAIL ATTACHMENT)

210"
6/-6" MAX T4t

—-s

1-2" MAX.
12" MIN.

s i
| /754/, DIA. HOLES %R
FIELD CLIP
AS REQ'D.
1 _l :.':

Yie" THK. I | o)
=
& " I't\-l - s HoLES POST_SHI
AR BoLTS DETAIL

ANCHOR PLAT
AT RAIL TO DECK CONNECTION

ACK-

P_PLAT T
AT BEAM GUARD ATTACHMENT

1" DIA. HOLES FOR 1“ Dil. HOLES
" DiA. HEX BOLTS

6'-6" MAX.
POST SPACING

9. ALI. MATERIAL SNALL BE GALVANIZED AFTER FABRICATION. PRIOR TO
GALVANIZING, ALL §° S & STEEL TUBING SHALL BE
GIVEN A NO.6 BLA: S cn.zm BV SSPC SPECIFICATIONS.

WHEN PAN'ING IS REOURED. ALL MATERIAL EXCEPT ANCHORAGE DETAL
(NO. 3 & 4 AINTED OVER GALVANIZING WITH AN APPROVED
TIE COAT AND.TOPCOAT AS SSECIIED N THE CONTRACT. DOCUMENTS.

THE RAILNG SHALL BE PAINTED FEDERAL COLOR NO. [, ]
(FILL IN COLOR NAME).

SEE BRIDGE MANUAL 30.2 FOR ALLOWED USE.

s

B

AI

!
& T 1 [RALING WEIGHT = 75 LB/FT (BASED ON 6'-6" POST SPACING.)
1 ] 1
Hoe e H— TUBULAR STEEL
| 1 bl I, RAILING TYPE ‘'
IR AL U L @" BUREAU OF
o e =1 (¥ STRUCIURES
lx ABUTMENT WINGWALL e e =
r s € EXPANSION JOINT ) % DATE:
z> PART ELEVATION OF RAILING seeroves:_ Bill Oliva | 1.y

Figure A-40. Wisconsin Tubular Steel Railing Type “M”
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Appendix B. Material Specifications

226



Table B-1. Bill of Materials, Test Nos. STBRT-1 and STBRT-2

December 23, 2020
MwRSF Report No. TRP-03-411-20

I,t\fg.l Description Material Specification Reference
al 12'-6" 12-gauge Thrie Beam AASHTO M180 H#L.31920
a2 6'-3" 12-gauge Thrie Beam AASHTO M180 H#L.34919

10-gauge Symmetrical W-
a3 beam to Thrie Beam AASHTO M180 H#C89858
Transition
ad 12'-6" 12-gauge W-Beam AASHTO M180 H#C85187
ab | 12'-6" 12-gauge W-Beam End AASHTO M180 H#C85187
AASHTO M180
© | Taominal Comector | Min,timate suengin =70 | H#AB1568
Ksi
ar | 6'-3" 12-gauge W-Beam MGS AASHTO M180 H#31631800
bl 30"x10%"x°/16" Plate ASTM A572 Gr. 50 H#18170241
b2 30"x2%"x¥" Plate ASTM A572 Gr. 50 H#E8H296
b3 8"x8"x%" Plate ASTM A572 Gr. 50 H#E8H296
b4 17%,"x13"x1" Post Plate ASTM A572 Gr. 50 H#W8J820
b5 6 1/8"x5/16"x¥4" Gusset ASTM A572 Gr. 50 H#E81347

b6 HSS5x4xY%2, 20" Long ASTM A500 Gr. C H#17111221
b7 30"x6%"x¥%%" Plate ASTM A572 Gr. 50 H#E8H296
b8 30"x4%"x°/16" Plate ASTM A572 Gr. 50 H#18170241
b9 HSS8x6xY4, 191%™ Long ASTM A500 Gr. C H#835188
b10 | HSS12x4x¥s, 191%" Long ASTM A500 Gr. C H#Nﬁﬁfﬁioi and
b1l 20"x15"x%/16" Steel Plate ASTM A572 Gr. 50 H#BBES871

. YP Grade No. 1 or r

cx | BCT T'mgzggi‘t’st -mes | ° (N(? s _+c;- ortiom | Chi1488 and Chis2

weakening hole)

c2 72" Long Foundation Tube ASTM A500 Gr. B H#821T08220
c3 Ground Strut Assembly ASTM A36 C.A. 3/22/17
c4 | BCT Cable Anchor Assembly - C.0.C. 9/24/2018
c5 8"x8"x%" Anchor Plate ASTM A36 H#4181496
c6 Anchor Bracket Assembly ASTM A36 H#JK16101488
7 27" O.D.sTegr/fCT Post ASTM A53 S(; B Schedule H#712810
c8 Bent 16D Double Head Nail - C.0.C.8/2/2018
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Table B-1. Bill of Materials, Test Nos. STBRT-1 and STBRT-2, Cont.

I,t\f(;n Description Material Specification Reference
W6x9 or W6x8.5, 72" Long H#55066998/03 and
dl Post ASTM A992 H#59091883/02
W6x9 or W6x8.5, 72" Long H#55066998/03 and
d2 Post ASTM A992 H#59091883/02
g3 | Wexdor Wgﬁf' 72" Long ASTM A992 H#55066998/03
d4 W6x15, 84" Long Steel Post ASTM A992 H#59091494/02
ds W6x15, 53%" Long Post ASTM A992 H#59082360/02
doé 6"x8"x19" Timber Blockout SYP Grade No.1 or better Ch#1695
d7 6"x12"x19" Timber Blockout SYP Grade No.1 or better CH#1597
ds 6"x12"x19" Timber Blockout SYP Grade No.1 or better Ch#25698
n n 1 n -
d9 6"x12°x14%:" Timber SYP Grade No.1 or better Ch#1672
Blockout
el 7" Dia. UNC, 14" Long Bolt ASTM A307 Gr. A H#DL17100590
e2 %" Dia. UNC, 10" Long Bolt ASTM A307 Gr. A H#1721198
e3 %" Dia. UNC, 2" Long Bolt ASTM A307 Gr. A H#10626360
e4 | %" Dia. UNC, 1%" Long Bolt ASTM A307 Gr. A H#10641050
e5 | %" Dia. UNC, 10" Hex Bolt ASTM A307 Gr. A H#JK18104124
e6 | %" Dia. UNC, 14" Hex Bolt ASTM A307 Gr. A H#5-01570
e’ %"-11 UNC, 21" Round Bolt ASTM A449 H#3090536
M WAL
o8 ¥"-10 UNC, 9%2" Heavy Hex ASTM F3125 Gr. A325 H#3078659
Bolt Type 1l
H#3078659
3M WAL
e9 ¥,"-10 UNC, 72" Round Bolt ASTM A449 H#3090536
3 II- n
e10 | 710 UNC’B%ItROU”d Head ASTM A449 H#3078659
ell 7" Dia. UNC, 8" Hex Bolt ASTM A307 Gr. A H#489517
II_ 1 n
012 1"-8 UNC, 3%2" Heavy Hex ASTM F3125 Gr. A325 H#10552460
Bolt Type 1l
o13 | 18 UNC, 2%" Heavy Hex ASTM F3125 Gr. A325 10415990
Bolt Type 1
gy | 7% Dia.SAE Plain Round ASTM F844 L#M-SWE0412454-8
Washer
fp | 7" Dia.USS Plain Round ASTM F844 L #1844804
Washer
f3 | 1"Dia USSPlain Round ASTM F844 Certified 10/22/2018
Washer
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Table B-1. Bill of Materials, Test Nos. STBRT-1 and STBRT-2, Cont.

December 23, 2020

MwRSF Report No. TRP-03-411-20

I,t\f(;n Description Material Specification Reference
YR
f4 ¥4" Dia. SAE Hardened Flat ASTM E436 H#1P791
Washer
5 2Y4"x2Y4"x¥4" Square Washer ASTM A36 H#17126641
gl %”-10 UNC Heavy Hex Nut ASTM A563DH H#100798971
g2 %" Dia. Guardrail Nut ASTM A563A H#10624590
g3 %" Dia. Hex Nut ASTM A563A H#331608011
o L#1N18BC001
g4 7" Dia. Hex Nut ASTM A563A L#1N1880113
g5 1"-8 UNC Heavy Hex Nut ASTM A563DH C.0.C. 11/29/2018
g6 1" Dia. Hex Nut ASTM A563DH C.o.C. 4/17/2019
1 n
hi HSS6x4x7, 36" Long ASTM A500 Gr. C H#90992C
Tapered Tube
h2 13"x3 34"xY." Plate ASTM A572 Gr. 50 H#B9L.648
h3 13"x10%"x%" Bent Plate ASTM A572 Gr. 50 H#B9L.648
n mn 1 n n
hg | 124", 157 Long Sloped ASTM A500 Gr. C H#NJB018 Inv#56648
Transition Rail
n n 1 n n
hs | 12'x4"™" 30 1/8" Long ASTM A500 Gr. C H#NJB018 Inv#56648
Transition Rail
HSS8x6xY4, 621%/16" Long H#19197161
hé Middle Transition Rail ASTM AS00 Gr. C H#87705C
HSS8x6xV4, 45%" Long H#19197161
h7 Middle Transition Rail ASTM AS00 Gr. C H#87705C
HSS8"x6xVa, 1213/1¢" Long H#19197161
hg Transition Rail ASTM A500 Gr. C H#87705C
HSS8X6xY4, 62%5/16" Long H#19197161
h9 Bottom Transition Rail ASTM A500 Gr. C H#87705C
HSS8x6xV4, 45%" Long H#19197161
h10 Bottom Transition Rail ASTM A500 Gr. C H#87705C
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Trinity Highway Products LLC
550 East Robb Ave.
Lima, OH 45801 Phn:(419)227-1296

Certified Analysis

Order Number: 1324622

Customer PO: 3954

Prod Ln Grp: 0-OE2.0

As of: 6/30/20

Customer: MIDWEST MACH & SUPPLY CO BOL Number: 112739 Ship Date:
P. 0. BOX 703 Document #: 1
Shipped To: NE i
MILFORD. NE 68405 Use State: NE mﬂmmmﬂml’n
Project: STOCK i
Qty Part# Description Spee CL TY Heat Code/ Heat Yield TS Elg C  Mn » S S§i Cu Cb Cr Vin ACW
40 12173G  TI12/63/4@1'6.75"1S 134919
M-180 A 5021 64,430 83,940 222 0.190 0.700 0.013 0.004 0.020 0.060 0.000 0.060 0.001 4
M-180 A 2 245084 62,860 80,840 26.2 0.190 0.720 0.008 0.003 0.010 0.080 0.0000.050 0.000 4
50 12365G  T12/12'6/8@1'6.75/S 2 L3420
M-180 A 2 1386 62,920 81.060 24.4 0200 0.720 0.0100.002 0.020 0.J00 0.000 0,070 0.002 4
M-180 B 2 248862 64,080 82,460 25.1 0.180 0.730 0.0110.001 0.020 0.100 0.000 0.060 0.001 4
M-180 B 2 o~ 249478 61,020 80,630 27.0 0.190 0.720 0.0100.001 0.020 0.090 0.000 0.060 0.000 4
12365G 2 (7131920,
M-180 A 2 49480 63,400 81,930 25.1 0.190 0.740 0.0100.003 0.010 0.060 0.000 0.060 0.000 4
M-180 B 2 248862 64.080 82.460 25.1 0.180 0.730 0.0110.001 0.020 0.100 0.000 0.060 0.001 4
180 54043G 70 PST/6X15/DB:3HI A-572 59091538 62,786 81.568 20.0 0.090 1.330 0.015 0.029 0.240 0.340 0.000 0200 0.049 4

Upon delivery, all materials subject to Trinity Highway Products , LLC Storage Stain Policy QMS-LG-002.
ALL STEEL USED WAS MELTED AND MANUFACTURED IN USA AND COMPLIES WITH THE BUY AMERICA ACT, 23 CFR 635.410.

ALL GUARDRAIL MEETS AASHTO M-180, ALL STRUCTURAL STEEL MEETS ASTM A36 UNLESS OTHERWISE STATED.
ALL COATINGS PROCESSES OF THE STEEL OR IRON ARE PERFORMED IN USA AND COMPLIES WITH THE "BUY AMERICA ACT", 23 CFR 635.410.
ALL GALVANIZED MATERIAL CONFORMS WITH ASTM A-123 (US DOMESTIC SHIPMENTS)
ALL GALVANIZED MATERIAL CONFORMS WITH ASTM A-123 & ISO 1461 (INTERNATIONAL SHIPMENTS)

FINISHED GOOD PART NUMBERS ENDING IN SUFFIX B,P, OR S, ARE UNCOATED

Figure B-1. 12-gauge Thrie Beam Sections, Test Nos. STBRT-1 and STBRT-2

2 of 3
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Nucor Steel Gallatin
4831 U.S Highway 42 \West

Ghent, KY 41045-9704
Phone. 1(800)581-3853 Fax: (859)567-3165

METALLURGICAL CERTIFICATION

L e

NUCOR STEEL GALLATIN LLC

December 23, 2020
MWwRSF Report No. TRP-03-411-20

Invoice To: Metals USA-Flat Rolled-Jefiersonville Ship To: Metals USA-Flat

702 Port Rd Rolled-Jeffersonville

Jeffersonville, IN 47130 Metals USA -Flat
Rolled-Jeffersonville
702 Port Road

\pHerennuille 1IN 47430

Date: 2/18/2019
Customer No: 27599
Customer P.O.: C44974

NA

Load No: 778675

Mill Order No: 224055-1 Customer Reference No:

This product was melted and manufactured
in the USA to meet the requirements of: 0.02max, S 0.05 max, Si 0.04 max

HR Sheet Steel Bands

ASTM A1011-18a SS Gr 50 modified w/ 70 ksi min ten, C 0.26 max, P

Ordered Size: Min 0125 (in.) X 5150 (In.) X Coil
Goll Nexnbar(s): 1530008 Min 3.175 (mm) X 1308 (mm) X Coil
CHEMICAL ANALYSIS (Weight %)

HeatNo| C Mn P S Si Cu Ni Cr Mo
089858] 0.20 049 0.014 0.002 0.03 0.08 0.03 0.06 0.01
Al Ca Nb Y B Ti N Sn
0.025 0.0018 0.001 0.001 0.0001 0.001 0.0084 0.006

MECHANICAL PROPERTIES

Coil Tested 1538091 | 1538097

| Yield Strength(ksi) 58.4 59.3
Yield Strength(mpa) 403 409
T ile Strength(ksi) 82.9 816
Tensile Strength(mpa) 572 563
% Elongation 233 24.2
N-Value 014 0.14
N-Value Range 5-15% 5-15%
Hardness(HRBW) 88.5 85.4
Test Section Mill Mill
Orientation Long Long
Test Method ASTM ASTM
BEND TEST RESULTS

oo 0 #forientation]peter R N o T s | Fai

Hot rolled coils manufactured through Nucor Steel Gal'atin do not contam welds or weld repairs at tne time of shipment (fca mill)
Mercury was not added guring proouction of th's ial. The was pi d using a fully killed fine grain practice with @ grain
size of 6 or finer according o ASTM E112

This produc! Is in compliance with DFARS 252 226, the Buy American Act

Above tests performed in accordance to ASTM standards EB (yield strength determ.ned using 0 2% offset method and elongation
delermined using at fracture method) or JIS Z2241, E18, E415, and £1019 and are correct as contained in the records of the company

The elongaton onginal gauge length is 2 inches for ASTM tes! method and 1 97 Incnes for JIS lest method
Above tesl resulls were performed in accordance to EN 10204 a1

Bend tesis were conducted in accordance with ISO 7438, ASTM E290, or JIS 22248 using the press, guided, two supporl and a mandrel
bend method at a 180 degree bend. Bend test specimen is longer than 6" and wider than 0 8"

This report shall not be reproduced, except in full, wilhout written approval of the undersigned laboraloly maragers

M THillps.

Nell Miller
Lab Supervisor

neil.miller@nucor.com

* This mechanical property has been tesied a1 a s s laboratory.

The information contained in this report ma: wtial infor

ded only for the use of the individual or ontity named

bo 1
above. 1f tho reader of this message Is not l‘yw intended recipient, you are hereby notified that any
copying of this ion is strictly prohibited. If you have ived this icati
by telophone and destroy the original message. Thank You.

distr
in error, please notify us immediately

or Page 1 of 1

Figure B-2. 10-ga. W-to-Thrie Transition Segment,'Test Nos. STBRT-1 and STBRT-2
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Nucor Steel Gallatin
4831 U.S. Highway 42 West

NUCOaOrR Ghent, KY 41045-9704
NUCOR STEEL GALLATIN Phone: 1(800)581-3853 Fax: (859)567-3165
METALLURGICAL TEST REPORT
Invoice To: Gregory Industries Ship To: Gregory Industries
4100 13th Street SW 4100 13th Street SW Date: 1/21/2018
Canton, OH 44710 Canton, OH 44710 Customer No: 10019
Customer P.O.: 39620
Mill Order No: 214078-1 Customer Reference No: 39620 Load No: 736148
This product was melted and manufactured 1020 steel for SS 50 grade for Guard Rails - 50 ksi min yield, 70 ksi min
in the USA to meet the requirements of: tensile, 0.10% max Si, and 0.06% Cr max

HR Sheet Steel Bands
Ordered Size: Min 0.095 (In.) X 56.88 (In.) X Coil

Coil N :
it Nminaxis): veattr Min 2.413 (mm) X 1445 (mm) X Coil

CHEMICAL ANALYSIS (Weight %)

Heat No (o Mn P S Si Cu Ni Cr Mo
C85187 0.20 0.48 0.008 0.003 0.03 0.06 0.02 0.05 0.01
Al Ca Nb \' B Ti N Sn
0.029 0.0017 0.000 0.001 0.0001 0.001 0.0080 0.003

MECHANICAL PROPERTIES
Coil Tested
| Yield Strength(ksi)
Yield Strength(mpa)

Tensile Strength(ksi)

Tensile Strength(mpa)
% Elongation

N-Value
N-Value Range
Hardness(HRBW)
Test Section
Orientation

Test Method

BEND TEST RESULTS

. : Diameter/radius| No. of | Size of |Pass/ I+ y
(Coll ID #|Orientation of mandrel cracks | cracks | Fail H C//“‘d‘(’

/ALY

Hot rolled coils manufactured through Nucor Slesl Gallatin do not contain welds or weld repairs at the time of shipment (fca mill).
Mercury was not added during p of th . The was p using a fully killed fine grain practice with a grain
size of 6 or finer according to ASTM E112.

This product is in compliance with DFARS 252.225, the Buy American Act.
Above tests performed in to ASTM E8 (yield strength determined using 0.2% offset method and elongation "

determined using at fracture method) or JIS Z2241, E18, E415, and E1019 and are correct as contained in the records of the company.

The elongation original gauge length is 2 inches for ASTM test method and 1.97 inches for JIS test method. Stephen S. Sipple
Above test results were performed in accordance to EN 10204 3.1 Chemical Laboratory
Bend tests were conducted in accordance with ISO 7438, ASTM E290, or JIS Z2248 using the press, guided, two support and a mandrel Mechanical Laborato
bend method at a 180 degree bend. Bend test specimen is longer than 6" and wider lhan% steve.sipple@nucor. eorr:
Thls report shall not be reproduced, except in full, without written app of the igned lab Y

This mechanical property has been tested at a subcontractor's Iaboralory
The information contained in this report may be fidential :..:... ded onlg for the use of the individual or entity named
above If the reader of this ge is not the i ded recipient, you are hereby notified that any dissemination, distribution, or Page 1 of 1

of this is strictly prohibited. If you ‘have received this communication in error, please notify us immediately

by telephone and destroy the original message Thank You.

Figure B-3. 12-gauge W-Beam Sections, Test Nos. STBRT-1 and STBRT-2
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| Nucor Stee! Gallaiin
n— 4831 U S. Highway 42 West =1
MNLIEZ DR Ghent, KY 41045-9704 Y
NUCOR STEFL GALLATIN Phone: 1(800)581 3853 Fax: (859)567-3165 N s

METALLURGICAL CERTIFICATION 5
Invoice To: Melals USA-Flat Rolled-Jeffersonville Ship To: Metals USA-Flat

3’0f2f Port R“ g Rolled-Jeffersonville Date: 9/29/2016 2
effersonville, 71 P {
76"2"#5‘ Road Customer No: 27599 ‘
Jeffersonville, IN 47130 Customer P.O.: C42117
Mill Order No:201815-1 Customer Reference No: NA Load No: 680178
This product was melted and manufactured ASTM A1011-15 SS Gr 50 modified w/ 70 ksi min ten, C 0.26 max, P
in the USA to meet the requirements of: 0.02max, S 0.05 max, Si 0.04 max
HR Sheet Steel Bands

Ordered Size: Min 0.126 (In.) X 62.25 (In.) X Coil

Coil Number(s): 1376986
Min 3.2 (mm) X 1581 (mm) X Coil

CHEMICAL ANALYSIS (Weight %)

Heat No C Mn P S Si Cu Ni Cr Mo

A8 156 0.20 0.70 0.010 0.002 0.03 0.11 0.03 0.04 0.02
Al Ca Nb Vv B Ti N Sn
0.025 0.0014 0.000 0.001 0.0001 0.001 0.0065 0.005

MECHANICAL PROPERTIES

Coil Tested 1376985 | 1376986

Yield Strength(ksi) 56.1 57.6

Yield Strength(mpa) 387 397

Tensile Strength(ksi) 78.8 81.5

Tensile Strength(mpa) 54 _562

% Elongation 26. 23.0

N-Value 0.1€ 0.15

N-Value Range 5-15% 5-15%

Hardness(HRBW) 88.8 85.4

Test Section Mill Mill

Orientation Long Long

Test Method _ASTM | __ASTM

BEND TEST RESULTS

R Diameter/radius| No. of | Size of |Pass/
Coil ID #|Orientation of mandrel | cracks | cracks | Fail

Hot rolled colls manufactured through Nucor Sloel Gallatin do not mniah welos or weid repairs at the fime of shipment (fca milf)
Mercury was not added during pi of The using a fully killed line grain practice

This product is in compliance wilh DFARS 252.225, the Buy American Act
Above tests performed in to ASTM ds Eé (yield strength determmned using 0.2% offset method and elon| anan
determined using afier lracture molhod) or .»s 22244, E*8, E415, and E1019 and are correct as contained in the records of lhc

company.
The elongation original gauge length is 2 inches for ASTM tlest method and 1.97 irches for JIS test method. Stephen S, Sipple
Above fest results were perfored In accordance io EN 10204 3.1 Chemical Laboratory
Bend lests were conducted in accordance with ISO 7438, ASTM E290, or JIS 22248 using Ihe press, gulded, two support and a mandrel  Mechanical Laboratory
nd method ata 180 degree bend. Bend test spacimen Is longer than 6* and wider than 0.8 steve.sipple@nucor.com
Tnls repor: shall not be reproduced, except In full, without written ap ol the i Y g
* This mechanical properly has been tested al a subcoitraclor's iaboralory.

The information contained In this report f for the use of the Individual or entity named
above. If the reader of this mnnp Is no'::hy. intended recipient, you are mby no d that any dissemination, distribution, or Page 10f1
bited. i you have lon in error, please notlfy us lmmodl-tely

g of this ly prohil
by telephone and destroy the orlglml mnuuo Thank You.

Figure B-4. 10-gauge Thrie Beam Terminal Connector, Test Nos. STBRT-1 and STBRT-2
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GREGORY HIGHWAY PRODUCTS, INC.

4100 13th St. SW
Canton, Ohio 44710
Test Report
Customer: GUARDRAIL SYSTEMS Ship Date; 1011212016
8000 SERUM AVE Customer PO EMAIL 6-21-2016
Shipped to: GUARDRAIL SYSTEMS
RALSTON,NE 681274213 Project: STOCK
GHP Order No. B8386AJ
HT # code Heat# c N, P. s. si. Tensile Yield Elong. Quanity ~ Class Type
6760 31631800 02 085 001 0001 004 79600 62100 2 O A 1
o761 4152233 022 074 0011 0088 001 79057 59058 2533 6 A 1
0760 31631800 02 085 001 0001 004 79600 62100 2 5 A 1
9892 31629790 02 082 0012 0002 004 81442 58556 1756 1 A 1
6780 31631800 02 085 001 0001 0.04 79600 62100 b3 40 A 1
Bolts comply with ASTM A-307 b nd ASTM A-153, stated
Nuts comply with ASTM A-663 and in ASTM A-153,
All other galvanized material conforms with ASTM-123 & ASTM653
All Galvanizing has ocourred in the United States
All stosl used United States”

All Steel used moets Title 23CFR 635 410 - Buy America

All Guardrail and Terminal Sections meets AASHTO M-180, Al structural steel meets AASHTO M-183 & M270
AN Bolts and Nuts are of Domestic Origin

All material fabricated in accordance with Nebraska & lowa Depariment of Transportalion

Al i meal ASTM ABOB, Type 4

Andrew Adar. VP of Sales & Marketing
Cirogory Highway Products, Inc

STATE OF OHIO: COUNTY OF STARK

Notary Public, Staté of Ohio

Description
12GA 15FT7 SIN WB T13FT1 5IN
12 GA 12FT6IN WB T1 FLEAT-SKT COMBO PAN
12GA 25FTOIN 3FT1 12IN W8 T1
12GA 25FTOIN 3FT1 1/2IN W8 T1
SZGKBETSINWE T1 HS@ 3FT 1.5IN

Figure B-5. 6 ft — 3 in., 12-gauge W-Beam, Test Nos. STBRT-1 and STBRT-2

DY STEEL AND METALLURGICAL PAGE 1 of 1
d PIPE SUPPLY TEST REPORT DATE 1211212018
SPS Coil Processing Tulsa TIME  05:49:02
5275 Bird Creek Ave.
Port of Catoosa, OK 74015
g : 13716
L || Kansas City Warehouse
D P| 401 New Century Parkway
= i NEW CENTURY KS
of 66031-1127 M
Order Material No. Description Quantity Weight  Customer Part Customer PO Ship Date
40321447-0010  701072120A2 BB 72X 120 AS72GRS50 STPMIL PLT 1 766.600 12/11/2018
Chemical Analysis
Heat No. 18170241 Vendor BIG RIVER STEEL LLC DOMESTIC Mill BIG RIVER STEEL LLC Melted and Manufactured in the USA
Produced from Coil
Carbon Manganese Phosphorus ~ Sulphur  Silicon  Nickel Chromium Molybdenum  Boron  Copper Aluminum Titanium Vanadium  Columbium  Nitrogen Tin
0.0500 0.8500 00100 00030 00300  0.0300 0.0600 00100 00001  0.0900 00280 00010 0.0040 00160 00064 00047
/ Physical Properti
Mill Coll No. 18170241-08
Tensile Yield Elong Rekwl Grain Charpy Charpy Dr Charpy Sz Temperature Olsen
73700.000 65900.000 29.60 187 Longituginal 67 20F
72800.000 62900.000 3320 182 Longituginal 67 20F
183 Longitudinal 67 20F

Batch 0005584036 1 EA 765.600 LB

Figure B-6.

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

The material is in compliance with EN 10204 Section 4.1 Inspection Certificate Type 3.1
This test report shall not be reproduced, except in full, without the written approval of Steel & Pipe Supply Company. Inc.

5/16-in. Plates, Test Nos. STBRT-1 and STBRT-2
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SJEELAND METALLURGICAL PAGE 1 of 1
DATE  11/01/2018
SPaICOT Pochsalng Tulsi TEST REPORT TIME  05:59:17
5275 Bird Creek Ave.
Port of Catoosa, OK 74015
g ﬁ 13716
L 1| Kansas City Warehouse
D| P| 401 New Century Parkway
H v NEW CENTURY KS
o| 66031-1127 o
Order Material No. Description Quantity Weight  Customer Part Customer PO Ship Date
40317778-0010  721296120A2 @8 96X 120 AST2GRS0 MILL PLATE 3 3,676.800 1013172018
Chemical Analysis
Heat No. [EBH296 Vendor SSAB - MONTPELIER WORKS DOMESTIC Mill SSAB - MONTPELIER WORKS Melted and Manufactured in the USA
Produced from Coil
Carbon Manganese Phosphorus  Sulphur  Silicon  Nickel Chromium Molybdenum  Boron  Copper Aluminum Titanium Vanadium  Columbium Nitrogen Tin
01800 1.0300 00100 00020 00400  0.1500 0.0900 00300 00000 03000 00410 00010 00240 00010 00000 00000
Mechanical / Physical Properties
Mill Coll No. E8H2960947
Tensile Yield Elong Rekwl Grain Charpy Charpy Dr Charpy Sz Temperature Olsen
80100.000 57500,000 2750 0 NA
82100.000 61500.000 3030 0 NA
84500.000 65800.000 28.00 0 NA
79600.000 58500.000 27.00 0 NA

Batch 0005536674 3 EA 3,676800LB

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

The material is in compliance with EN 10204 Section 4.1 Inspection Certificate Type 3.1

This test report shall not be reproduced, except in full, without the viritten approval of Steel & Pipe Supply Company, Inc.

Figure B-7. %-in. Plates, Test Nos. STBRT-1 and STBRT-2

SSAB

Test Certificate

Form TC1: Revision 3. Date 7 Feb 2018

12400 Highway 43 North, Axis, Alabama 36505, US
Ciistorier: Customer P.O.No.:4500317235 TMill Order No. 41-553979-03 [Shipping AT276683
STEEL & PIPE SUPPLY Product Description: ASTM AS72:50/M345(18)/A703-50/M345(17) Ship Date: 05 Nov 18 | Cert No: 081692938
P.O. BOX 1688 Cert Date: 05Nov18 |(Page1of 1)
MANHATTAN
fiS o002 Size21.000 X 96.00 X 240.0 (IN)
Tested Pieces: Tensiles: Charpy Impact Tests
Heat Piece [Piece Tst| YS UTS | %RA | Elong % | Tst | Hardness | Abs. Energy(FTLB) % Shear Tst | Tst | Tst BDWTT
Id Id Dimensions Loc| (KSI) | (KSI) 2in  8in | Dir 1 2 3 Avg 1 2 3 Avg |Tmp| Dir | Siz Tmp %Shr
(mm;
|[WaJgz0 D19 0:999 (DISCRT) INES 79 24T
Heat Chemical Analysis
Id c Mn P s Si___TotAl _Cu _ Ni Cr__Mo _Cb v Ti ORGN|
WBJ820 [78 117 008 J<001 |25 031 J24 Ji2 i1 03 [000 [052 J008 ] USA|

KILLED STEEL

MERCURY IS NOT A METALLURGICAL COMPONENT OF THE
OF THIS PRODUCT.

MTR EN 10204:2004 INSPECTION CERTIFICATE 3
1009 MELTED AND MANUFACTURED IN THE USA.

.1 COMPLIANT

STEEL AND NO MERCURY WAS INTENTIONALLY ADDED DURING THE MANUFACTURE

PRODUCTS SHIPPED:
weJe20 D19 PCES: 3, LBS: 19602
WE FEREBY CERTIFY THAT THIS MATERIAL WAS
® CustPart#  7210006240A2 TESTED IN ACCORDANGE WITH, AND MEETS THE Justin Ward
REQUIREMENTS OF, THE APPROPRIATE SPECIFICATION SENIOR METALLURGIST - PRODUCT

Figure B-8. 17%-in. x 13-in. x 1-in. Post Plate, Test Nos. STBRT-

235
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P, STEEL AND METALLURGICAL PAGE 1 of 1
‘ PIPE SUPPLY TEST REPORT DATE  11/30/2018
SPS Coil Processing Tulsa TIME  05:54:18
5275 Bird Creek Ave.
Port of Catoosa, OK 74015
S S| 13716
8 ,H Kansas City Warehouse
D P| 401 New Century Parkway
. 2 NEW CENTURY KS
o| 66031-1127 o
Order Material No. Description Quantity Weight  Customer Part Customer PO Ship Date
40320870-0010  72896240A2 14 96 X 240 AS72GRS0'MILL PLATE 3,267.200 11/29/2018

Heat No. E8I347

Carbon Manganese Phosphorus
0.1600 1.0100 0.0070

Mill Coil No. E813470512

Tensile Yield
78500.000 59700.000
75600.000 56900.000
77700.000 59600.000
78500.000 60400.000

Sulphur Silicon
0.0040 0.0300

Elong
27.40
32.40
29.60
25.00

Batch 0005571830 2 EA 3,267.200 LB

Vendor SSAB - MONTPELIER WORKS

Nickel
0.1200

Rckwl

Chemical Analysis
DOMESTIC

Mill SSAB - MONTPELIER WORKS

Melted and Manufactured in the USA

Produced from Coil

Chromium Molybdenum Boron Copper i Tit: Ci Nitrogen Tin
0.0400 0.0000 0.2100 0.0370 0.0010 0.0210 0.0000 0.0000 0.0000
Mechanical / Physical Properties

Grain Charpy Charpy Dr Charpy Sz Temperature Olsen

56 Longitudinal 5.0 -20F

50 Longitudinal 5.0 -20F

43 Longitudinal 5.0 -20F

0 NA

Figure B-9.

THE CHEMICAL, PHYSICAL, OR MECHANICAL TESTS REPORTED ABOVE ACCURATELY REFLECT INFORMATION AS CONTAINED IN THE RECORDS OF THE CORPORATION.
The material is in compliance with EN 10204 Section 4.1 Inspection Certificate Type 3.1
This test report shall not be reproduced, except in full, without the written approval of Steel & Pipe Supply Company, Inc.

Y-in. Gusset Plate, Test Nos. STBRT-1 and STBRT-2

0Z-TTH-€0-dd.L "ON Hoday 4SHMIN

0202 ‘€2 JaquiadaQ
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Atias Tube Corporation u‘ 00 RefBAL: 80795210
1855 East 122nd Street upe Date: 11,30.2017
Chicago, liinois, USA Customer: 193
60633 ) GD A DlViE!ON OF ZEKEI.MAN INDUSTRIES
Tel:  773-846-4500
Fax: 773-8466128
MATERIAL TEST REPORT
Soid to Shipped 1o
”n;hutar Steet Tubu!ar Steel
xegu on Lane
15 MO 6 BAZELWOOD MO 63042
Material: 20,0x8.0x500x43'0°0( 1x2)NMH Material No: 200080500 Made iny USA
Melted in: USA
Sales order; 1216180 Purchase Order: PO-084074 Cust Material #: 013969
Heat No o Mn P 8 Si Al Cu o Mo N Cr v Ti B N
£44934 0200 0800 0010 0008 0010 0046 0020 0.004 D008 0010 0030 0001 0001 0.000 0.006
BundleNo  PCs  Yield Tenslle Ein.2in Certification CE: 0:34
W900960662 2 088209 Psl 076041 Psi  36% ASTM A500-13 GRADE B&C
Waterial Note:
Sales Or.Note:
Material: 4 0x4.0x500x400°0(4x2). Material No: 400405004000 Made in: USA
Melted in: USA
Sales order: 1238805 Purchase Order: PO-0B5526 Cust Matorial & 012007
Heat No ¢ Mn ® $ 8i Al Cu Ch Mo Ni cr v Ti 8 N
17147241 0200 O74C 0006 0002 0030 0020 0410 00Ot 0.010 0040 0030 0003 0000 0000 0.008
Bundle No Pcs Yield Tensile Ein.2in Certification CE: 0.35
Msoomm 8 073206 Psi  0B4387Psi 3% ASTM A500-13 GRADE B&C
Material Note:
Sales Or.Note:
Material: 5.0x4.0x500x40'0"0(3x3}. Materiai No: 500405004000 Made in: USA
Melted In: USA
Sales-ordar; 1236805 Purchase Order: PO-065525 Cust Material # 012321
Heat No (o1 Niry P 8 Si At Cu Cb Mo Wi Cr v Ti B N
17119224 8210 0740 0005 0002 0030 0031 0080 0001 0.017 0.030 0030 0003 0001 0.000 0.008
BundieNe  PCs  Yield Tensile Eln.2in Certification ) CE: 0.35
MBOO743108 9 066918 Psi 077416Psi  38% ASTM A500-13 GRADE BAC
Material Note:
Sales Or.Note:
Authorized by Quality Assurance; 7
The results raported on this report repmam the actual atiributes of the material furnished and Indicate tull compliance with all applicable
s;:ecdica&om and- mmm:t —_—
D1 msmod, )
e Page:20f 3 Metals Service Center Institute
« 4 OF NORTH AMRRICA = g\ 3{
b=
= X 8
= = 9

Figure B-10. 20-in. Long HSS5x4x%, Test Nos. STBRT-1 and STBRT-2
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Figure B-11. HSS8x6xY4, Test Nos. STBRT-1 and STBRT-2

Atlas Tube Canada ogco REF.B/L: 80852636
200 clerk St. 0D as wbe pate: 11/13/2018
Harrow Ontario Canada Customer: 179
NOR 160 OO0 A DIVISION OF ZEKELMAN INDUSTRIES
Tel: 519-738-3541
Fax: 519-738-3537
MATERIAL TEST REPORT
Sold To Shipped To
Steel & Pipe Supply Company Steel & Pipe Supply Company
PO Box 1688 1020 West Fort Gibson
MANHATTAN KS 66505 CATOOSA OK 74015
USA USA
Material: 16.0x4.0x375x40'0"0( 1x2) . Material No: 160040375 Made in: Canada
Melted in: Canada
Sales Order: 1340914 Purchase Order: 4500318744 Cust Material#: 66160040037540
Hem No c Mn P s Si Al Cu Cb Mo Ni Cr v Ti B N Ca
835845 0 200 0.810 0.013 0.008 0.017 0.042 0.036 0.005 0.003 0.011 0.047 0.002 0.002 0.0002 0.0040 0.0002
Bundle No PCs Yiel Iensile Eln.2in Certification CE: 0.35
M201325206 2 060925 Psi 073628 Psi 37.8 % ASTM A500-18 GRADE B&C
Material Note:
Sales Or. Note:
Materjal: 8.0x6.0x250x40'0"0(3x2) . Material No: 800602504000 Made in: Canada
Melted in: Canada
Sales Order: 1337754 Purchase Order: C450007477 Cust Material#: 6680060025040
Heat No Cc Mn P s Sl Al Cu Cb Mo Ni Cr v Ti B N Ca
835188 0.190 0. BOO 0.008 0.011 O 022 0.048 0.066 0.005 0.005 0.021 0.035 0.002 0.002 0.0002 0.0060 0.0000
PCs Yield Tensile Eln.2in Certification CE: 0.34
M101826832 6 058363 Psi 065756 Psi 33.9 % ASTM AS500-18 GRADE B&C
Material Note:
Sales Or. Note:
AL 4o PIECES THES HEATHE
Authorized by Quality Assurance: %.,..W
The results reported on this report represent the actual ib of the ial furnished and indi full p with all appli specification and contract requirements.
CE calculated using the AWS D1.1 method.
«
Steel Tube <8> Metals Service Center Institute
\‘ RTH AMERICA
N Damas 2 =3 4

0Z-TT7-€0-dHL "ON Hoday J4SHMIA

0202 ‘€2 JaquiadaQ
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12Sepl8 13:39 TR B A CERTIFICATE No: DCR 855273
TROEPENDENCE TUBE CORPORATLON P/O No 4500315602
6226 W. 74TH STREET Rel
CHICAGO, IL 60638 $/0 No DCR 107708-005
Tel: 708-496-0380 Fax: 708-563-1950 B/L No DCR 73528-004 Shp 12Sepl
Inv No Inv
Seld To: ( 5018) Ship To: ( 1)
STEEL & PIPE SUPPLY STEEL & PIPE SUPPLY
4750 W. MARSHALL AVENUE 4750 W. MARSHALL AVENUE
LONGVIEW, TX 75604 LONGVIEW, TX 75604
Tel: 785-587-5100 Fax: 785 587-5329
CERTIFICATE of ANALYSIS and TESTS Cert. No: DCR 865272
06Sepie
Part No
TUBING A500 GRADE B(C) Pcs wWgt
120 X 4® X /4" X 40! 6 6,197
Heat Number Tag No Pcs Wgt
NH4681 28422 6 6,197

7 YLD=61100/TEN=70900/ELG=33
8-PIBCES Mpekep "B’ THLS HEAT #-

Heat Number

*%% Chemical Analysis ***

C=0.0600 Mn=0.5800 P=0.0050 S=0.0010 $i=0.2520 Al=0.0310
Cu=0.0700 Cr=0.0300 Mo=0.0100 V=0.0020 Ni=0.0200 Nb=0.0090
Cb=0.0020 8n=0.0020 N=0.0048 B=0.0001L Ti=0.0010 Ca=0,0010
MELTED AND MANUFACTURED IN THE USA

NH4681

WE PROUDLY MANUFACTURE ALL OUR PRODUCT IN THE USA.
INDEPENDENCE TUBE PRODUCT IS MANUFACTURED, TESTED,

AND INSPECTED IN ACCORDANCE WITH ASTM STANDARDS.

MATERIAL IDENTIFIED AS AS00 GRADE B(C) MEETS BOTH

ASTM AS00 GRADE B AND A500 GRADE C SPECIFICATIONS.

TURRENT STANDARDS:
A252-10 [
A500/A500M-18

A513/A513M-15 |
ASTM AS53/A53M-12 | ASME SA-53/SA-53M-13 :
A847/AB4TM-14

A1085/A1085M-15

22Augle 22:57 TEST CERTIFFICATE No: DCR 8524¢€38

INDEPENDENCE TUBE CORPORATION P/O No 4500314328

6226 W. 74TH STREET Rel

CHICAGO, TIL 60638 S/0 No DCR 107030-001

Tel: 708-496-0380 Fax: 708-563-1850 B/L No DCR 73089-002 Shp 223augis
Inv No Inv

Sold To: ( 5018} Ship To:

STEEL & PIPE SUPPLY
4750 W, MARSHALL AVENUE
LONGVIEW, TX 75604

()
STEEL & PIPE SUPPLY
4750 W. MARSHALL AVENUE
LONGVIEW, TX 75604

Tel: 785-587-5100 Fax: 785 587-5339

CERTIFICATE of RNALYSIS and TESTS Cext. No: DCR 852468

178ugie
Part No
TUBING R500 GRADE B(C) Pcs wWgt
12¢ X 4% X 1/4" X 40 6 €,197
Heat Number Tag No Pcs Wgt
TH4011 215852 6 6,187

.QLD=66200/TEN=78000/ELG=25
|- PIEcES Nor sipekzd THES Heart

Heat Number *%% Chemical Analysis ***

TH4011 C=0.0600 Mn=0.8200 P=0,0080 S=0.0010 Si=0.2530 Al=0.0350
Cu=0.1200 Cr=0.0500 Mo=0.0200 V=0.0030 Ni=0.0400 Nb=0.0030
Ch=0.0020 Sn=0.0070 N=0.0087 B=0.0002 Ti=0.0010 Ca=0.0016
MELTED AND MANUFACTURED IN THE USA

WE PROUDLY MANUFACTURE ALL OUR PRODUCT IN THE USA.
INDEPENDENCE TUBE PRCDUCT IS MANUFACTURED, TESTED,
AND INSPECTED IN ACCORDANCE WITH ASTM STANDARDS.

MATERIAL IDENTIFIED AS AS500 GRADE B(C) MEETS BOTH
ASTM AS00 GRADE B AND A500 GRADE C SPECIFICATIONS.

CURRENT STANDARDS:
A252-10
AS00/A500M-18
A513/A513M-15
ASTM AS2/A53M-12
AB47/AB4TM-14
A1085/A1085M-15

| ASME SA-53/SA-53M-13

Figure B-12. HSS12x4xY4, Test Nos. STBRT-1 and STBRT-2
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MwRSF Report No. TRP-03-411-20

STEEL AND PAGE 1 of 1
Y PIPE SUPPLY ¥Eg-? klélij’%GRI—? AL DATE  10/09/2018
SPS Coil Processing Tulsa EISMEER 3:F5;;11_CH
5275 Bird Creek Ave. &
Port of Catoosa, OK 74015

N S| 13718
i || Kansas City Warehouse
D P| 401 New Century Parkway
o | NEWCENTURY KS
o 66031-1127 o
Order Material No. Description Quantity Weight  Customer Part Customer PO Ship Date
40316995-0010 7269624042 @16 96 X 2401AST2GRE0IMILL PLATE 3 3,676.800 10/08/2018
Chemical Analysis
Heat No. [BBEST1) Vendor SSAB - MONTPELIER WORKS DOMESTIC Mill SSAB - MONTPELIER WORKS Melted and Manufactured in the USA
Produced from Coil
Carbon Manganese Phosphorus  Sulphur  Silicon  Nickel Chromium Molybdenum  Boron  Copper i Titanium Nitrogen Tin
0.1500 0.8400 0.0080 0.0020 0.0400 0.0900 0.0800 0.0300 0.0000 0.2800 00310 0.0080 0.0200 0.0010 0.0000 0.0000
1 Physi
Mill Coll No. BBE8&710925
Tensile Yield Elong Rekwl Grain Charpy Charpy Dr Charpy Sz Temperature Olsen
72900.000 53000.000 27.60 33 Longitudinal 33 -20F
73800.000 56300.000 25.60 34 Longitudinal 33 20F
75500.000 60200.000 27.10 33 Longitudinal 33 20F
73900.000 56100.000 30.00 o NA
Batch 0005505764 3 EA 3,676,800 LB Batch 0005505757 & EA 9,804.800 L8 Batch 0005505763 8 EA 9,804.800 LB

THE CHEMICAL, PHYSICAL, OR MECHANICAL TESTS REPORTED ABCVE ACCURATELY REFLECT INFORMATION AS CONTAINED IN THE RECORDS OF THE CORPORATION
The material is in compliance with EN 10204 Section 4.1 Inspection Certificate Type 3.1
‘This test report shall not be reproduced, except in full, without the written approval of Steel & Pipe Supply Company, Inc.

Figure B-13. 20-in. x 15-in. x */16-in. Steel Plate, Test Nos. STBRT-1 and STBRT-2

Total Time: 01:45
Charge 1488 Treatment: TRINITY GUARDRAIL Chenge Out (mir): 365
Pt (02)  Ceotal Nebraske Date:  2/19/20207:27 AM Change Out Reason:
Preservative: CCA Board Ft: 5,157
Sution, NE EPA Reg. No. 3008-36 Retention Target: 0.6 Cubic Ft: 430
Cylinder: 1 Void (9000) DVIn/DVOur: 393 / 388
Tank: 2 Treat By: Tally DXFORD LA CGA
Operator:  Bob Date Off DripPad: 2/19/20 9:12 PM. ¥OOD ANALYS
[ Step | Time Pressure | Tnjection 1 Retention I Flow Rate [ Temp | Time o R
[ Min | Max | Act | Min | Max | Act { Min | Max | Act | Min | Max | Act | Min | Max | det | | Ramp [ Start | Eud :

oow oo
ol

57 lalibration title: SHOIST-pef

SHIPLE 10: 1488

2 N R

T DADES  SBALANGE
3. ostn A7
= 0EME 15
| Chemical | Current Targat As Mixed Unit Required | Actaal | Difference | wa5= D.62Y a1
Y 25T s, ) 2o WA= LW 1000
B

Chemical Usage R T RETENTI
I Solution | ibs/Gal. | . LbsUsed |  Retenfion | |__Comp ORI = 301 pef
Type | Chemical |  Start Finish |  Unit | Start | Finish | Gavge |Adjusted| Gauge | Adjusted | [ fionpe s Al
[Actve |CCA {19000 % 18857 %  Lbs(Active) 0606 01504 11642 12516 02709 (0.2912 Totals - o
O s - DI f
& Material i ~
[ ttemCote | ipti [ Picees [ Packisize | 3 CF | s@ | Ml | Rewear| Customer BUTAER, (0.EVT(ERE
1 u0s17sk Trinity Guarécail 2 1% 553 46
2 1004063 Trinity Guardrsil 0 1@7 1,680 140 0
3 w00slIsh Trinity Guartrall 3 1884 1107 92 0
4 10040500 Trinity Guardrail 8 1@% 1,023 8s o
5 1004125b Trinity Guardrail #u  1@8 529 “ )
6 GxBx3Ssds Trinity Guardrail 2 1@u 265 2 0
Printed On: 2/19/2020 9:12:11 AM Charge Number: 1438 . Pagelofl

Figure B-14. BCT Timber Post, Test Nos. STBRT-1 and STBRT-2
240
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y Total Time: 01:41
Charg © 652 Treatment: TRINITY GUARDRAIL Change Out (min): 295
Plaot  (02) Central Nebraska Date: 8/5/2019 11:41 AM Change Out Reason:
Preservative: CCA Board Ft: 4,672
Sutton, NE EPA Reg. No. 3008-36 Retention Target: 0.6 Cubic Ft: 331
Cylinder: 1 Void (9000) DVIn/DVOut: 368 / 351
Tank: 2 Treat By: Tally OXFORD LRB-X GC&
Operator: Bob Date Off DripPad: 8/6/19 1:22 AM woop Aﬂﬂf}\*\;s
Step | Time [ Presure | Injection | Rewntion [  FlowRate  [Templ| Lims e/ 1520

| Min | Max | Act | Min | Max | Act | Min | Max | Act | Min | Max | Act | Min | Max | Act | | Ramp | Start | End

70 2 = 0.00 0.000 0.0000. Tral48  1nass; lolbretion titles SHOIST-pef
52 2 3 0.00 0.000 33395 11:48:50  11:54:0¢
05 . 75 8 0.00 0.000 0.0000 . 11:54:05 11:54:3¢ SHHPLE 0. 852
Pressure 2 250 250 140 140 340 201 0323 0.0300 0.0159 115434 12:19:31
o IS A R TRy nms . mim
Empty 70 16 oI 245 0414 0.0000 122324 12310
“inal Vacuu j 24 210 248 0418 0.0000 123103 13:16:0:
- 126 0222 0.0000 13:16:05  1320:1 AT ONIDES. AALAcE
! 125 0221 0.0000 132220 13225 CRl3=  0815% 481
A Sc Mix Information . Hs 0.8 8.1
Current J Target I As Mixed ] Unit ﬁequired | Actual DiﬂercnceJ RE205 = 0.643 7 .8
6662 7,860 7,858 Gas, L1739 1,1700 39 AL = LS2WT 1000
1.8500 % 1.9000 % 1.9027 % Gals. 24.1 242 0.1 :
i T RETENTION
o | Soluti | ] Lbs/Gal |  LbsUsed | i L__Comy 0803 = 253 pof
| Type | Chemical | Start |  Finish | Unit | Start | Finish | Gauge |Adjusted| Gauge |Adjusted | | Coppes. wie o
Acive _|cCa 19000 % 18894 %  Lbs(Active) 01606 01597 6664 7340 02011 02216 d [Lottls' 15 "
S 497 - A Y -
Material Information TOTAL= 0.808 pcF
TtemCode | Description | Bicces [ Packs/Size | BF CF | sta | Ml |Retreat| Custos
1 6xBxaSsds Guardrail 2 1@4 541 45
2 Gx8x23sds Rough Timber % 1@% 482 45
3 6x6x20 Timber 8 1@48 2,880 202 0
4 5/8x48x8 Plywood 24 1@24 768 40 0

Printed On: 8/5/2019 1:22:53 PM. Charge Number: 652

Figure B-15. BCT Timber Post, Test Nos. STBRT-1 and STBRT-2

Page 1 of 1
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Atlas Tube Corp (Chicago)
1855 East 122nd Street
Chicago, lllinois, USA
60633

Tel:  773-646-4500
Fax:  773-646-6128

§B Atlas 7ube

o D A DIVISION OF ZEKELMAN INDUSTRIES

MATERIAL TEST REPORT

old to
Gregory Industries Inc
4100 13th Street SW.
CANTON OH 44710
USA

December 23, 2020
MwRSF Report No. TRP-03-411-20

504l HD 6 |

Ref.B/L: 80728203
Date: 08.17.2016
Customer: 2908 .

Shipped to

Tru-Form Steel & Wire
1204 Gilkey Ave
UéﬁTFOR CITY IN 47348

Material: 8.0x6.0x188x27'0"0(2x2)SILDOMUS Material No: 80060188

Sales order: 1105121 Purchase Order: 35569

Made in: USA
Melted in: USA

Cust Material #: TRB3/16-8-6-27

Heat No c Mn P s Si Al Cu Cb Mo Ni Cr v Ti B N
%%616137 0210 0930 0.011 0.003 0020 0.041 0.020 0.008 0.020 0.020 0.030 0.008 0.001 0.000 0.003
Bundle No PCs  Yield Tensile Eln.2in Certification CE: 0.38
M800650076 4 058210 Psi  073148Psi  32% ASTM A500-13 GRADE B&C
7 Material Note:
Sales Or.Note:
Material: 8.0x6.0x188x30'0"0(2x3)SILDOMUS Material No: 80060188 Made in: USA
Melted in: USA
Sales order: 1105121 Purchase Order: 35569 Cust Material #: TRB3/16-8-6-30
Heat No c Mn P S Si Al Cu Cb Mo Ni Cr \ Ti B N

-1 Bundle No PCs Yield Tensile Eln.2in Certification

821708220 0.220 0.810 0.013 0.006 0.006 0.041 0.160. 0.002 0.005 0.010 0.020 0.002 0.002 0.000 0.007
Bundle No PCs  Yield Tensile Eln.2in Certification CE: 0.37
M800650038 6 057275 Psi 070934 Psi 32% ASTM A500-13 GRADE B&C
Material Note:
Sales Or.Note:
Material: 8.0x6.0x188x30'0"0(2x3)SILDOMUS Material No: 80060188 Made in: USA
Melted in: USA
Sales order: 1105121 Purchase Order: 35569 Cust Material #: TRB3/16-8-6-30
‘Heat No c Mn P S Si Al Cu Cb Mo Ni Cr Vv Ti B N
8217082200  0.220 0.810 0.013 0.006 0.006 0.041 0.160 0.002 0.005 0.010  0.020 0.002 0.002 0.000 0.007

CE: 0.37

M800650039 6 -

a 057275 Psi 070934 Psi 32% ASTM A500-13 GRADE B&C
Material Note:
Sales Or.Note:
.;ason Richard

Authorized by Quality Assurance:

specification and contract requirements.
CE calculated using the AWS D1.1 method.

72\ Steel Tube

Y oF HORTN AMERICA

Page:10f 6

The results reported on this report represent the actual attributes of the material furnished and indicate full compliance with all applicable

(8) Metals Service Genter Institute

Figure B-16. 72-in. Long Foundation Tube, Test Nos. STBRT-1 and STBRT-2

242



eve

y Pra%

Certifiea analysis Yy &
=

Trinity Highway Products , LLC ‘ '
550 East Robb Ave. Order Number: 1275017 Prod Ln Grp: 3-Guardrail (Dom)
Lima, OH 45801 Phn:(419) 227-1296 Customer PO: 3400 Asof: 32217
Customer: MIDWEST MACH.& SUPPLY CO. BOL Number: 99202 Ship Date:

P. 0.BOX 703 Document #: 1

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

Project: RESALE

Qty Part# Description Spee CL TY Heat Code/ Heat Yield TS Elg C Mn 4 S Si Cu Cb Cr  Vn ACW
400 3380G 5/8"X1.5" HEX BOLT A307 HW 0052429-113200
600 3400G 5/8"%2" GR BOLT HW 29221
500 3480G  5/8"X8" GRBOLT A307 HW 29369
450 3500G 5/8"X10" GR BOLT A307 W 29550-B
700 3540G  5/8"X14" GR BOLT A307 HW 29567
300 3580G 5/8"X18" GR BOLT A307 Hw 29338
600 4235G 3/16"X1.75"X3" WSHR HW C7001
10 9852A S’IRP:I’&YOKEASSY A-36 195070 52,940 69,970 31.1 0.190 0.520 0.014 0.004 0.020 0.110 0.000 0.050 0.000 4
9852A A-36 A82292 54,000 73,300 31.0 0200 0.460 0.010 0.003 0.020 0.150 0.000 0.060 0.001 4
9852A A-36 645887 39,900 62,500 32.0 0.190 0.400 0.009 0.015 0.009 0.054 0.001 0.038 0.001 4
9852A A-36 645887 39,900 62,500 32.0 0.190 0.400 0.009 0.015 0.009 0.054 0.001 0.038 0.001 4
9852A BW 15056184
20 12173G  TI12/6'3/4@1'6.75"/3 2 L35216
M-180 A 2 209331 62,090 81,500 28.1 0.190 0.720 0.013 0.002 0.020 0.110 0.000 0.070 0.002 4
M-180 A 2 209332 61,400 81,290 253 0.190 0.730 0.014 0,003 0.020 0.120 0.0000.060 0.001 4
M-180 A 2 209333 61,200 80,050 258 0200 0.740 0.016 0.005 0.010 0.120 0,000 0.070 0.002 4
2 of 4

Figure B-17. Ground Strut Assembly, Test Nos. STBRT-1 and STBRT-2

0Z-TT7-€0-dHL "ON Hoday J4SHMIA
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December 23, 2020
MwRSF Report No. TRP-03-411-20

ASSEMBLY

PH 216.676.5600 SRECALTY PREATS G 14700 Brookpark Rd
FX 216.676.6761 Cleveland, OH 44135-5166
www.assemblyspecialty.com 1SO 8001:2008 customerservice@assemblyspecialty.com

Certificate of Conformance

Date: September 24, 2018

To: Gregory Industries, Inc.
Gregory Galv. & Metal Processing
4100 13th St. SW
Canton, OH 44710

We certify that our system and procedures for the control of quality assures that all items fumished on the order will meet
applicable tests, requirements and inspection requirements as required by the purchase order and applicable specifications
and drawings.

PURCHASE ORDER #: 40299
DATE SHIPPED: 08/24/18
ASPI SALES ORDER # 122160
MANUFACTURER: ASSEMBLY SPECIALTY PRODUCTS, INC.

QTY CUST PIN ASPIPIN ASPI LOT# DESCRIPTION

250 30126 C-2028 89315 8’ 6" BCT Cable Assembly
250 3012G C-2028 89316 6' 6" BCT Cable Assembly
250 30126 C-2028 89318 6' 6" BCT Cable Assembly
250 30126 2028 89864 6' 6" BCT Cable Assembly
250 30126 C-2028 89865 &' 6" BCT Cable Assembly
250 . 3012G C-2028 89866 §' 6" BCT Cable Assembly
250 3012G C-2028 89929 6' 6" BCT Cable Assembly
250 30126 C-2028 89930 6' 6" BCT Cable Assembly
250 30126 C-2028 89931 &' 6" BCT Gable Assembly
250 30126 C-2028 89932 6' 6" BCT Cable Assembly

REMARKS: NOMINAL BREAKING STRENGTH: 46,000 Ibs
WIRE ROPE MANUFACTURED IN ACCORDANCE WITH AASHTO DESIGNATION: M30-02 and ASTM A741 TYPE 2, CLASS A
FITTINGS GALVANIZED IN ACCORDANCE WITH ASTM A-~153 CLASS C.

STEEL USED TO MANUFACTURE THESE ITEMS WAS MELTED AND MANUFACTURED IN THE U.S.A
ALL MANUFACTURING PROCESSES SUPPLIED OR PERFORMED BY ASSEMBLY SPECIALTY PRODUCTS;, INC. TOOK PLACE IN THE U.S.A.

Certification and Compliance Manager

Figure B-18. BCT Cable Anchor Assembly, Test Nos. STBRT-1 and STBRT-2
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December 23, 2020
MwRSF Report No. TRP-03-411-20

GREGORY HIGHWAY PRODUCTS, INC.
4100 13th St. SW

Canton, Ohio 44710
Test Report
MIDWEST MACHINERY & SUPPLY CO Ship Date: 111712017
P.0.BOX 703 Customer P.O.: 3515
Shipped to: MIDWEST MACHINERY & SUPPLY CO.
MILFORD ,NE 68405 Project:
GHP OrderNo: ~ 128AA
HT # code LoT# c. Mn. P. S. Si. Tensile Yield Elong. Quantity Class Type Description
AT74070 021 046 0012  0.002 0.03 76100 58800 252 B A 2 12GA TB TRANS
4181486 024 084 0014 001 0.01 72400 44800 34 4 2 S/BIN X 8IN X 8IN BRG. PL.
4181489 0.09 045 0.012 0.004 0.01 58000 43100 27 4 2 350 STRUT & YOKE
1968288M 0.04 084 0014 0003 76000 74000 25 2 350 STRUT & YOKE
E22985 0.17 051 0.013  0.008 0.008 72510 64310 285 4 2 2IN X 5 1/2IN PIPE SLEEVE
811708220 022 081 0013  0.006 0.005 71412 56323 35 8 2

3/16IN X 6IN X 8IN X 6FTOIN TUBE SLEEVE

James P, Definks
olary Public, State of Ohio
mission Expires 1019-2019

All Galvanizing has occurred in the United States

Al steel used in the manufacture is of Domestic Origin, "Made and Melted in the United States"

All Steel used meets Title 23CFR 635.410 - Buy America

All Guardrail and Terminal Sections meets AASHTO M-180, All structural steel meets AASHTO M-183 & M270
All Bolts and Nuts are of Domestic Origin

All material fabri in with o] of i

All controlled oxidized/corrosion resistant Guardrail and terminal sections meet ASTM A608, Type 4.

By

Notary Pubiic, State’of Ohio

Figure B-19. 8-in. x 8-in. X %-in. Plate, Test Nos. STBRT-1 and STBRT-2

\&\\m‘f F’Dd(%

. .
Certified Analysis & b,
= ©
Trinity Highway Products, LLC ‘ '
550 East Robb Ave. Order Number: 1269489 Prod Ln Grp: 3-Guardrail (Dom)
Lima, OH 45801 Phm:(419) 227-1296 Customer PO: 3346 Asof 11/7/16
Customer: MIDWEST MACH.& SUPPLY CO. BOL Number: 97457 Ship Date:
P.0. BOX 703 Document #: 1
Shipped To: NE

MILFORD, NE 68405 Use State: NE ‘
Project: RESALE

Qty Part#  Description Spee CL  TY Heat Code/ Heat Yield S Eg C Mn P S Si Cu Cb Cr VnACW
A A plefor BoX A36 56172 75,460 250 0.160 0.780 0.017 0.028 0.200 0280 0001 0.140 0.028 4
T01A A36 535133 43,300 68,500 33.0 0.019 0460 0.013 0.016 0.013 0.090 0.001 0.090 0.002 4
4 729G TS S8X6X3/16X8-0" SLEEVE  A-500 A49248 64,818 78,412 320 0200 0.810 0.014 0.002 0.040 0.020 0.000 0.040 0.001 4
20 738A  STUBESL.ISSX6XSI4/PL  A-36 2 4182184 45,000 67,900 310 0210 0.760 0.012 0.008 0.010 0.050 0.001 0.030 0.002 4 ]
738A A-500 A49248 64,818 78,412 320 0200 0.810 0.014 0.002 0.040 0.020 0.000 0.040 0.001 4 1
6 749G TS 8X6X3/16X6-0" SLEEVE  A-500 Ad9248 64,818 78,412 320 0200 0.810 0.014 0.002 0.040 0.020 0000 0.040 0.001 4 ‘
6 782G 5/8"X8"X8" BEAR PLIOF A36 DL15103543 58,000 74,000 250 0.150 0.750 0.013 0.025 0200 0360 0.003 0.090 0.000 4 ‘
20 783A  S/8XSX8BEARPL3/I6STP  A36 PL14107973 48,167 69,811 250 0.160 0.740 0,012 0.041 0.190 0.370 0.000 0220 0.002 4
783A A36 DLI5103543 58,000 74,000 250 0.150 0750 0.013 0.025 0200 0.360 0.003 0.090 0.000 4
45 3000G  CBL3/4X6'6/DBL HW 119048 ‘
7000 3340G  5/8" GRHEXNUT HW 0055551-116146 ‘
4,000 3360G  5/8"X1.25" GR BOLT HW
450 3500G  5/8"X10" GR BOLT A307 HW 28971-B
1225 3540G  5/8"X14" GR BOLT A307 HW 29053-B

Figure B-20. Anchor Bracket Assembly, Test Nos. STBRT-1 and STBRT-2
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December 23, 2020
MwRSF Report No. TRP-03-411-20

Atlas Tube (Alabama), Inc, 000 RefBIL. 80791452
pase . ood AtlasTube g, s

Birmiagham; Alabama, USA
35217

oo A DIVISION OF ZEKELMAN INDUSTRIES

Tel:
Fax:
MATERIAL TEST REPORT
Sold to Shipped to
g&eel & Plgs Supply Compan Steel & Pipe Supp!& Compan
MANHATTAN KS 66505 401 New Centurx arkway
NEW CENTURY KS 66031
USA USA
Matorial: 3.0x2.0x188x40'0"0(5x4). Material No: 0300201884000-B Made in: USA
Melted in: USA
Sales order: 1226976 Purchase Order: 4500296656 Cust Material #: 6630020018840
Heat No C Mn P s Si Al Cu Cb Mo Ni Cr v Ti B N
B704212 0.200 0.450 0.010 0.004 0.020 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Bundle No PCs  Yield Tensile Eln.2in CE: 0.28
40867002 20 064649 Psi 087652 Psi 24 % ASTM A500-13 GRADE B&C -
Matorial Note:
Sales Or.Note:
Matorial: 2,375x154x42'070(34x1). Material No: R023761544200 Made in: USA
Molted in: USA
Sales order: 1226976 Purchase Order: 4500296656 Cust Material #: 642004042
Heat No [ Mn P $ Si Al Cu Cb Mo Ni Cr v Ti B N
B712810 0.210 0.460 0.012 0.002 0.020 0.024 0.100 0.002 0.020 0.030 0.060 0.004 0.002 0.000 0.008
Bundle No PCs  Yield Tensile Eln.2in Rb Certification CE: 0.32
MCO0006947 34 063688 Psi 083220 Psi 25 % 91 ASTM A500-13 GRADE B&C
Material Note:
Sales Or.Note:
Material: 2.375x154x42'0"0(34x1). Material No: R0237651544200 Made in: USA
Melted in: USA
Ssles order: 1226976 Purchase Order: 4500296656 Cust Material #: 642004042
Heat No c Mn P, s si Al Cu Cb Mo Ni Cr v Ti B N
17037261 0.210 0.810 0.005 0.004 0.020 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Bundle No PCs  Yield Tensile EIn.2in CE: 0.35
41532001 34 066144 Psi 082159 Psi 27 %

Material Note:
Sales Or.Note:

@b/

Authorized by Quality Assurance:

The results reported on this report represent the actual attributes of the material furnished and indicate full compliance with all applicable

specification l"d contract requirements.
;

D1.1 method.
4 lnsl:itute Page : 3 Of 4

¢ Metals Service Center institute

Figure B-21. 2%-in. O.D. X 6-in. Post Sleeve, Test Nos. STBRT-1 and STBRT-2

|7 McMASTER-CARR.

600 N County Line Rd
Elmhurst IL 80126-2081
630-600-3600
chi.sales@mcmaster.com

University of Nebraska
Midwest Roadside Safety Facility
MWRSF
4630 Nw 36TH St
Lincoln NE 68524-1802
Attention: Shaun M Tighe
Midwest Roadside Safety Facility

Line Product

Certificate of Compliance

Purchase Order Page 1 of 1
E000548963

08/02/2018
Order Placed By

Shaun M Tighe

McMaster-Carr Number
7204107-01

Ordered Shipped

1 97812A109 Raised-Head Removable Nails, 16D Penny Size, 3" Long, Packs of 5

Certificate of compliance

5
Packs

5

This is to certify that the above items were supplied in accordance with the description and as illustrated in the catalog. Your order is subject
only to our terms and conditions, available at www.mcmaster.com or from our Sales Department.

Set Ce-
Sarah Weinberg
Compliance Manager

Figure B-22. Bent 16D Double Head Nail, Test Nos. STBRT-1 and STBRT-2
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December 23, 2020
MWwRSF Report No. TRP-03-411-20

CERTIFIED MATERIAL TEST REPORT Page 1 /1
CUSTOMER SHIP TO CUSTOMER B1LLTO GRADE SHAPL / SIZE DOCUMENT 1.
G ERDAU STEEL AND PIPE SUPPLY COINC  STEEL AND PIPE SUPPLY CO INC AVHOSTER l‘;":“ Flongs Beam. (-6 X 9/ 150X 010029181
4750 W MARSHALL AVE |
LONGVIEW, TX 75604-4817 MANIIATTANKS 66505-1688 LENGTH PCS WEIGHT LEAT / BATCI |
US-ML-CARTERSVILLE UsA USA 200" 81 14580 L1 35066998/03
384 OLD GRASSDALE ROAD NE i
GA 30121 SALES ORDER CUSTOMER MATERIAL N° SPECIFICATION / DATE or REVISION [
o 8904486/000010 00000000037690020 ASTM A6-17
ASTH ATO-17 \
CUSTOMER PURCHASE ORDER NUMBER BILL OF LADING DATE ASTM \"f~ 1 R0IS)ASTIS [
4500348119 1323000015921 06/152020 CIAMB21-T3MINM |
CHEMICAL COMPOSITION
4 ¥ L4 R 9 ¥ ¢ W @ X W
0.13 0.83 0016 0032 019 033 0 20 0n 0.038 0.010 0 hoo 0.009
MECHANICAL PROPERTIES
(S 02% TS S Y7 rat Gl
R 5 M Lo fichh
57500 76200 300 0.760 2000 |
58200 76700 401 0.760 S 000

VECHANICAL PROPERTIES
Elgng

23 10

2520

OTES

10204 3 1

e

Phone: (109) 267-107) En

above figures are certified chemical and physical test e
specified requirements. Weld reparr has not been performed

this

BUASKAR YALAMANCIILL
QUALIIY DIRECTOR

iI: Bhaskar YalamanchiliGyerdau com

ds as contamed n the permanent reconds of company. We certify that these data are comect and in compliance with
v, This material. icluding the balets, wis melted and manufactured i the USA. CMTR complies with 1N

< VANWANG

e ]

))a-

OUALITY ASSURASCT MG

Phane (770387 ST18

1: yan wangigerd

Figure B-23. W6x9 or W6x8.5, 72-in. Long Steel Post,

Test Nos. STBRT-1 and STBRT-2

e’3] GERDAU

US-ML-MIDLOTIHIAN

300 WARD ROAD
MIDLOTHIAN, TX 76065

CER D MATERIAL TEST REPORT Page 1 /1
CUSTOMER S1IP TO CUSTOMER BILL TO GRADI SUALE ] SIZL: DOCUMENT 1D,
STEEL AND PIPE SUPPLY COINC  STEEL AND PIPE SUPPLY €O INC AYIUAST2-50 ‘\:ln!c Flange Beam / 6 X 9%/ 150X (000467681
1003 FORT =
CATOOSA.OK 74015-3033 MANHATTANKS 665051688 LENGTH Pcs WELGHT HEAT / BATCH
usA USA 5000* 24 10,800 1.6 S9091883/02
SALES ORDER CUSTOMER MATERIAL N SPECIFICATION / DATE o REVISIC
2992383000010 000000000037690050 ASTM A6-17

USA ASTM AT09-17 |
CUSTOMER PURCHASE ORDER NUMBER BILL OF LADING DATL ANTH AT L@ ASTE AR
4500349334 1327-0000373778 067192020 CSAGI021- 13 315WM
CHEMICAL COMPOSITION
CCn M (%) P S (%) Si%)  Cu(e)  Ni(%) %) Mo%)  Sn(%) V(%) Nb (%) Al%)  CEQuAG (%)
0.09 09l 0015 0037 023 0.32 (N1} 020 0024 0.005 0001 0012 0.003
MECHANICAL PROVERTIES [
50 2% (PS1) TS (PS1) ¥S (MPa) TS (MPa) YT ali (%) (Inches) L () Flong. (%)
73289 505 0820 8000 2000 2410
70802 403 a8y 0520 2000 2000 2400

The above figures

10204

i

€ cetified chem
specified requirements. Weld repaie has not been performed on this ma
31

BHASKAR YALAMANCIHIL
QUALITY DIRECTOR

Phone: (409) 267-1071 Enmil; Rlsaskar Yalamanchilidgendia com

d physical test fecords as contained in the permancat feonds of company. We certify that these data are correct and in compliance with
peluding the billets, wis melted and manufactured in the USA- CMTR complies with 5N

al “Fis matenial

VA AR

QUALITY ASSURANCE MR

Phone 9727793118 Finail: Wande £ uunpkinségerdan com

Figure B-24. W6x9 or W6x8.5, 72-in. Long Steel Post, Test Nos. STBRT-1 and STBRT-2
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December 23, 2020

MwRSF Report No. TRP-03-411-20

iz =t CERTIFIED MATERIAL TEST REPORT Page1/1
% 4 o CUSTOMER SHIF TO CUSTOMER BILL TO GRADE SHAPE / SIZE DOCUME_NT i
Ga G ERD Au NORFOLK IRON & METAL COINC  NORFOLK IRON & METAL CO INC AIRASTESR e s
£ 3001 N VICTORY ROAD 2.
NORFOLK NE 68701-0833 NORFOLK NE 68702-1129 NGTH PCS WEIGHT HEAT / BATCH
US-ML-MIDLOTHIAN USA UsA 5000 2 9,000 LB 59091494102
i WARDI ': P? aD) CUST SPECIFICATION / DATE or REVISION
. TX 76065 SALES ORDER 'OMER MATERIAL N* SPECIFICATION ATE or S
MIDLOTE 8396750/000020 25855 ASTM A6-17
UsA ASTM A709-17
CUSTOMER PURCHASE ORDER NUMBER BILL OF LADNG DATE ASTRY "”""" ﬁ" ‘”—"‘ AN
01030121 1327-0000369454 0511512020 SSAguL ATV
CHEMICAL, COMPOSITION v N Al
¥ P
% 4 % P4 04 4
0.09 0.86 0013 0.021 021 037 0.09 0.023 0011 0.001 0016 0.003
CHEMICAL COMPOSITION
CEgyA6
030
MECHANICAL PRO./P'ERTIES 5 i
Y Mea 3 fich
56168 74857 387 516 0750 8.000
55381 74091 511 0.750 8.000
MECHANICAL | P;RDPBT!ES 1
L El :
am gge
2000 . 2390
2000 2380
COMMENTS { NOTES

1020431

Az BHASKAR YALAMANCITLS
s B

‘Phosc: (409) 267-1071 Email: Bhaskar Valananchili@gcrdau.com

The above figures are certified chenical and physical test records oS contained in the permanen records of company. We cerlify that these data are carrect and i compliance with
specified requiroments. Weld repair has not been performed on this material, This maleriat, including the billets, was melied and manufactured in the USA. CMTR complies with EN

Dl 4. Lz waneronens

QUALITY ASSURANCE MO

Phone: 972:779-3118  Email: Wade 1 osupkins@gerdas.com

Figure B-25. W6x15, 84-in. Long Steel Post, Test Nos. STBRT-1 and STBRT-2

FIED MATERIAL

Page 11
CUSTOMER SHT CUSTOMER BILL TO GRADE SHAPE / SIZE DOCUMENT 1D:
G E R DAU STEEL AND PIPE SUPPLY COINC  STEEL AND PIPE SUPPLY CO INC APZATE ‘.“"”;ﬂ“"g‘ Bean / (N 150. 10000000000
JONESBURG INDUS TRIAL PARK
JONESBURGMO 63351 MANTIATTAN,KS 66505-1688 LENGTH pes WEIGHT
US-ML-MIDLOTHIAN UsA S, 60'00" 0 10,800 1B
300 WARD ROAD
MIDLOTHIAN, TX 76065 SALES ORDER CUSTOMER MATERIAL N° SPECIFICATION / DATE or REVISION
iy J ' TIT7340:000010 000000000376150060 s
& ASTM AT09-17
CUSTOMER PURCITASE ORDFR NUMBER BILL OF L ADING DAT TReRs L @A
4500319529 1327-0000300764 11122018 ERAG2 LI S
CHEMICAL COMPOSTTION . . A . i . "
& 3 & & i G 03 & My i 4 E3 &
009 081 0015 0.036 020 037 0.12 014 0.024 0011 0002 0016 0.003
CHEMICAL COMPOSTIION
CEgyA
029
MUCHANICAL PROPERTIES
Y§0.2% 1S s IS Y/ rati ;
'y Wit W Yo fidk
52633 74340 363 513 0.710 8.000
53070 74956 366 517 0710 8000
MECHANICAL PROPERTIES
GiL Ligng.
mni e
2000 2420
2000 23.60

COMMENTS / NOTES

Phone (4

specified requirements. This material, i

67-1071 Kamail: Bhaskae Yalimanchili@gerdu com

“The above figures are certified chemical and physical test rocords as contained in the pormancnt records of company. We certfy that these data are correct and in compliance with
cluding the billets, was melted and manufactured in the U

R———
/ha
QUALITY DIRECTOR

MR complies with EN 10204 3.1

VA /AR

QUALITY ASSURANC

Phone 9727793118 il Wade Lumpkins @gerdau com

Figure B-26. W6x15, 53%-in. Long Steel Post, Test Nos. STBRT-1 and STBRT-2
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December 23, 2020
MwRSF Report No. TRP-03-411-20

Total Time: 01:39 Gallons Start: 7,856 [
Charge 1695 Treamment: TRINITY GUARDRAIL Change Out (win): 410 Gallons Finish: 6.662 ‘
Taoe (02  Cemal Nebmsa Daie:  3/31/2020 6:52 PM Change Out Reason: Gallons Used: 1,194
Preservative: CCA. Board Ft: 7,003 Penetration Sampled: 0
Swuwon, NE EPA Reg. No. 3008-36 Retention Target: 0.6 Cubdic Fe 584 Penetration Failed: 0
Cylinder: 1 Void (9000) DVIn/DVOut: 406 / 457 |
Tanke 2 Treat By: Tally "
Operator:  Bill Date Off DripPad: 4/1/20 8:31 AM ‘
Y Time
E Time. Pressure Injection I Reteation 1 Flow Rate Teap |
= Min | Max | Act | Min | Max mMn]MththulAu]MnanlAul | Rawp [ start End
ElE) 200 2.000 -0.000 . 185232 _19:0435
=3 227 0365 19592 190435 19:0935
7576 295 0.470 067N 19:09365  19:10:42
140 140 3.40 450 0723 0.0300 0.0062 19:10:43 193544
5 11 440 0.707 0.0000 & 193544 193950 OXFORD LAB-M GCA
N 288 0.483 0.0000 19395094592 ynon ANALYS TS
B _ B i 267 0.507 0.0000 34511z 2025:16 o
-1 205 0356 0.0000 0517 20aiz VA 2 y
- 205 0356 0.0000 203122203033 lahtbration tela: SHAT-pef
1
§
Targst |  AsMixed | Unit | Reguired | Actual | Differeace HLE 10 1697 ‘
7,850 TAB_____Gus 5854 10030 136 M T |
1.9000 % 14984 % Gals. 136 187 01 RN = .0 pef ‘
Chemical U
I Ibs/Gal | LbsUsed |  Remmtion | '___'-!C TGOS BALAKE ‘
| Fimisk Usit | Start | Winish e [Adjusted| G: '%‘"T:' WBe 08Ky s
19168 %  Lbs(Acuve) 01638 01620 19563 20775 0332 03560 B8 e umr ng
— T 1]
Description | Picces | | BF [ CF | sta | Mll | Retrear Costot g . 54 Womg
Teinity Guardreil % 1@% 588 49 |
e —
“Trinity Goardrail 24 2Q42 1,011 84 ;
Guerdrail 56 1@56 616 51 REEEHTInN
Guardrail 1w 2@ 159% 133 - K
Guasdrail 336 4@% 3,152 266 o= .10 pef
B2 = 0.280 pef ‘
T0TAL= 0.B25 pof
. m‘“__‘ e

Printed On:  3/51/2020 $:31:55 M Charge Number: 1695

Page 1 of 1 ‘

Figure B-27. 6-in. x 8-in. x 19-in. Timber Blockout, Test Nos. STBRT-1 and STBRT-2

v Total Time: 01:47 Gellons Start: 7,362
Charge 1576 Treatment TRINITY GUARDRAIL Change Out (min): 359- Gallons Finish: 6,743
Pt (02) Ceatral Nebraska Date:  3/8/2020 2:19 PM Change Out Reason: Gallons Used: 1,119
Preservative: CCA Board Ft: 5,092 Penetration Sampled: 0
Sutton, NE EPAReg No.3008:36  Retention Target: ' 0.6 Cubic Ft: 424 Penetration Failed: 0
Cylinder: 1 Void (9000) DVIn/DVOut: 386 / 418
Tank: 2 “Treat By: Tally
Operator:_Bill Date Off DripPad: _3/9/20 4:06 AM
[ Step I Time T Pressare | Tajection I Retention | Flow Rate Temp | Time [ Volume | Reason
[ Mia [ Max | Act | Min | Max | Act | Min | Max | Aet | Min | Max | Act | Mim | Max | Act | | Bamp |_Start | Ema | e
Inital Vacusm 120 120 2 _ =z 0.00 0.000 0.0000 141955 1434
Fl 60 5.1 2 4 0.68 0110 2.6168 143157 laz
Raisc Press 720 L1 s 16 164 0263 0.9309 143707 143 . .
Pressure 25 250 250 140 140 340 39 0.631 0.0300 0.0062 2 15:0
Pross Relief 40 08 15 325 7 37 0.607 0.0060 415 15:0
Empty 7.0 55 -1 38 0.634 0.0000 15:04:08 150
Final Vaouum 50 500 500 23 - 2 210 422 “0.675 0.0000 15:0938 _ 15:5:
Fizal Empty 70 63 X o 264 0425 0.0000 155943 160« OXFORD LAB-X CCA
Finish 05 05 -1 264 0429 0.0000 160603 16:0¢ WOOD ANALYSIS
I= Automatic Mix Tnformation : =1 | D
Chemical Caurrent [ Target As Mixed Unit Required | Actual | Difference Qaltbration titls: SAHOOBT-pcf
Wazer 7040 7.860 7873 Gals. 3047 3200 153
CcA 4 3
1.8858 % 19000 % 1.8980 % [ 153 154 01 SWPLE 0y 157
Chemieal Usage | SR
| Solution | [ Tbs/Gal | TbsUsed |  Retemtion . |- Codl e« R0k
Type Chemical - Start Finish | Unit | Start | Finish | Gauge |Adjusted| Gange | Adjusted | | Copper
Active  [CCA | L8400 % 18255%  Lbs(Active) 055 0342 17394 18231 04099 04296 {Lotals :
i T ONIGES  SBALACE
I ‘Material Information WR-  0sex RE
| TtemCode | Deseription [ Pieces | PackySize, BF | or | s@ | . M  [Rewest] Cusme 0o
1 6xl2xiorgh Guardrail 56 1@s6 532 “ W ML 2
2 2% Guareral 2 1@56 3724 30 e OBE @S
3 6xI2dézh Gussdrail M 1@ 588 4 D 2080 100
4 100335 Trinity Guardrail 126 1@1% A8 2
RETENTION
[ T &
#: LW
M5 = 0.219 pef
TOTAL= DB.653 pcf
Printed On:  3/8/2020 4:06:36 PM
Cherge Number: 1576 Page1of1

Figure B-28. 6-in. x 12-in. x 19-in. Timber Blockout,
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Test Nos. STBRT-1 and STBRT-2



December 23, 2020
MwRSF Report No. TRP-03-411-20

CCA Charge Report ] kK Central Nebras

105 N. Owen
Sutton, NE 68979
Tel: (402) 7734319 f
. Retipe Default StartTime  7/23/18 1111
Pieset  GuardRall- EndTime  7/2¥18 12¢ ONFORD LAB-X CGA
Operator Bob - Duration € WooD ARQLYSIS

WM 18R

wa el R T Ty i iy title: SANDUST-pef
AW | —] MNT ,MXT EEBE T o
T
1 | Initial Vacuum Time sp | 7.00 | 2% o -
ACT 11.75 ° % sﬁ{m i
2 Vacuum Fill Cylinder | SP : : v R 0 pef
Full ACT ; : 4.80 . RERBITF - 32 a
T S, | S, (A ks o Bos sy ¥ £
3 Atm Absorption Time sp | 1.00 ; {47 ORI0ES YRALGNCE
. ! ACT ' | 100 l ;
= 9 I — CROA=  1.067% 8.8
4 Pressure Time SP 0.00 4.10 25,00 ‘ 25.00 140.00 o = 0.9 % 15
: ACT 15.39 2600 | 2500 149.33 g ! '
g m bl R e OTR2K 2.1
5 Release Pressure | Pressure SP } : 5.00 ¢  10.00 . 21551 100.0
ACT ' 860 998 T s
o (o TR | GURPLES . OPIE. ST NS | SRR | SN :
6 | Emptylng | cylinder | 8P ; i
Empty ACT { i 5.92§ RETENTION
— e e 4 2 ; =5 : ORO3 =\, 0.842 ot £
7 Final Vacuum Operator SP 40.00 | 40,00 244 1 8
Stepped | ACT - 3002 |  30.02 ! 0 W= UM ,
oA ‘ LS i[ ! . #8205 = 0.278 pof
| 8 ° | Drain Cylinder Cylinder spP { : i = 0.686 ¥ |
Empty ACT H 5.47 ! TUTAL =HH |
S NG| || . S | SN . S i
|
|
z ’ AR T j 2 L;Qhargegpata . R = 5 -. s i 1
Phase FT  GAL LBS Solution Concentration 1.90%  Volume Basis Tally
Initlal Vacuum 83 7880 66715 Calculated Chemical Use (Lbs) 21048  Disp. Volume (CuFT) 424.16
Vacuum Fill ; 22 1836 - 15543 Net Injectlon (Gal/CuFt) - 324 Target Assay Retentlon . 0.60
Pressure 04 349 2952 Estimated Heartwood (%) " Assay (Lbs/CuFT)/ NC !
End of Charge . 78 8570 55629 . Caloylated Retention 0,52 . :
Total Gallons Used (Gal) 1,308.46
2 : BFISF 4,636.00  Total Volume :404.24 CuFt. l
Desigriation.  Description Qty Specie Grade Lot MC % Dressing CuFt BdFt
Stock 6x8x7Rgh 2 50 S8YP 1 ol = 116.67 °  1,400,00
Stock ' Bx12x18\"Rgh 168 SYP 1 133,00 1,598.00
Stock - T006298B 16 syr . 1 154.58  1,840.00
Generated by Treat Right® on 7/23/2018, ¢

Figure B-29. 6-in. x 12-in. x 19-in. Timber Blockout, Test Nos. STBRT-1 and STBRT-2
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16¢

Total Time: 01:49 -

Figure B-30. 6-in. x 12-in. x 14%-in. Timber Blockout, Test Nos. STBRT-1 and STBRT-2

Charge 1672 Treafment: TRINITY GUARDRAIL Change Out (min): st _
Plaot (02) Central Nebraska Date: 3/26/2020 7:20 AM Change Out Reason: R il : #
Preseryative: CCA Board Ft: _Pes
Sutton, NE EPA Reg No.3008-36  Retention Targst: 0.6 Cubio Ft; *
Cylinder: 1 Void (9000) DVIn/DVOut: 415 / “435 UMFORD LAB-X - cea
Tank: 2 Treat By: Tally Yoo ﬁNﬁL e
Operator:  Bob Date Off DripPad: 3/26/20 9:09 PM : "
[ Step | Time [ Preswe | Tnjection 1 Refention | Flow Rate | Temp [ Time [ 2200 12:01 )
I[\ﬁnlMaxiActiMin]MmdAct[M‘mIl\rlu]A.ctlM.‘m]MaxlAct]MinlexlActl | Ramp [ Start | Eod | Caltbration titler SMDUST-sc
Initial Vacuum 120 120 22 -2 T 000 0.000 0.0000 07:20:51 07:32:53
Fil 60 49 2 3 [ 0.58 0.092 25462 07:32353 m?7fso WL "h' -
Raise Press 70 07 75 T7 : 1.04 0.167 0.0000 07:37:50 073831
Pressure 25 250 250 140 140 340 360 0579 0.0300 0.0128 073831 08:03:32
Press Relief 40 40 15 25 8 ‘| 3.52 0565 0.0000 4 08:0332 08:0732 DEMSITM = H2.0 pof
Expty 70 54 -1 EET] 0.560 0.0000 08:07:32  08:12:58 ;
Final Vacuum 50 500 500 . 25 23 2,10 349 0.581 0.0000 08:12:59  09:03:01 WOODES SmALAGE
 Final Bmpty 70 61 -1 ! 238 0.402 0.0000 0903:02 009:06 gy s h
Pinish 05 05 -1 | 238 0.402 0.0000 09:09:07  09:09:38
i - ooz 17
i - Automatic Mix Xnformation 5 g - M5 0Ey 9e
[ Chemical | Current Target [ Astixea | Unit | Reguired | Actual | Difference | :
Water 5,780 7.860 7,873 Gas. 10624 10760 136 ML= 2,164 %1 100.0
CCA. 19200 % 1.9000 % 1.8978 % Gals. 17.6 17.7 0.1 -
- RETENTTON
Chemical Usage
Soluti [ xbs/Gal |  EbsUsed |  Retentd [ Comp 008 = 0352 et
Type Chemjcal Start Figish Unit | Start | Finish | Gauge [Adjusted| Gauge |Adjusted | [ Copper W0= o 0.17 pof
Active  |CCA 1.9000 % 1.8843 Lbs (Active) 01606 0.1592 17183 18096 03822  0.4025 Totals A5 = lmm b
L 3 -
Material Information - TOTAL= .692 pet
[ TtemCoae | Description [ Picces | Packs/Size| BF [ cg [ sa | wt [Retreat| Cnstom
1 004063b Trinity Guardrail 175 1@17% 4,200 350 ‘ i
2 10046606 “Trinity Guardrail |84 1@8¢ 606 51 0
3 6xizxlrgh Guardrail 84 1@% 588 49 0
Printed On:  3/26/2020 9:09:40 AM Charge Number: 1672 Page 1 of 1

0Z-TT7-€0-dHL "ON Hoday J4SHMIA

0202 ‘€2 JaquiadaQ



December 23, 2020
MwRSF Report No. TRP-03-411-20

CERTIFICATE OF COMPLIANCE

ROCKFORD BOLT & STEEL CO.
126 MILL STREET
ROCKFORD, IL 61101
815-968-0514 FAX# 815-968-3111

CUSTOMER NAME: TRINITY INDUSTRIES
CUSTOMER PO: 187087
SHIPPER #: 061972
DATE SHIPPED: 11/06/2017

LOTi#: 30361-P
SPECIFICATION: ASTM A307, GRADE A MILD CARBON STEEL BOLTS
TENSILE: SPEC: 60,000 psi*min RESULTS: 66,566

66,832
HARDNESS: 100 max 82.60

82.70
*Pounds Per Square Inch.
COATING: ASTM SPECIFICATION F-23239 HOT DiP GALVANIZE
ROGERS GALVANIZE: 30361-P
CHEMICAL COMPOSITION

MILL GRADE HEAT# C____ M P S Si
NUCOR 1010 DL 17100590 10 A1 .005 .005 .05

QUANTITY AND DESCRIPTION:

4,825 PCS 5/8" X 14" GUARD RAIL BOLT
P/N 3540G

WE HEREBY CERTIFY THE ABOVE BOLTS HAVE BEEN MANUFACTURED BY ROCKFORD BOLT AND STEEL AT OUR FACILITY IN
ROCKFORD, ILLINOIS, USA. THE MATERIAL USED WAS MELTED AND MANUFACTURED IN THE USA. WE FURTHER CERIFY THAT

THIS DATA IS A TRUE REPRESENTATION OF INFORMATION PROVIDED BY THE MATERIALS SUPPLIER, AND THAT OUR PROCEDURES
FOR THE CONTROL OF PRODUCT QUALITY ASSURE THAT ALL ITEMS FURNISHED ON THIS ORDER MEET OR EXCEED ALL APPLICABLE
TESTS, PROCESS, AND INSPECTION REQUIREMENT PER ABOVE SPECIFICATION.

STATE OF [LLINOIS
COUNTY OF WINNEBAGO
SIGNED BEFORE ME ON THIS

MNYOFM; a/7 i ovel GWW /Dlé// ¥
(‘ ﬁ E! g_ g; PP D SIGNATORY ATE

OFFICIAL SEAL
MERRY F. SHANE
NOTARY PUBLIC ~ STATE OF ILLINOIS |
}AY COMMISSICN EXPIRES OCTOBER 3. 2018 |

Figure B-31. %-in. Dia., 14-in. Long Guardrail Bolt, Test Nos. STBRT-1 and STBRT-2
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December 23, 2020
MwRSF Report No. TRP-03-411-20

CERTIFICATE OF COMPLIANCE

ROCKFORD BOLT & STEEL CO.
126 MILL STREET
ROCKFORD, IL. 61101
815-968-0514 FAX# 815-968-3111

CUSTOMER NAME: GREGORY INDUSTRIES
CUSTOMER PO: 39864
SHIPPER #: 063466
DATE SHIPPED: 05/24/2018
LOT#: 130920-B
SPECIFICATION: ASTM A307, GRADE A MILD CARBON STEEL BOLTS
TENSILE: SPEC: 60,000 psi*min RESULTS: 79,300
76,800
HARDNESS: 100 max 90.00
90.80

*Pounds Per Square Inch.

COATING: ASTM SPECIFICATION F-2328 HOT DIP GALVANIZE

AZZ GALVANIZING: 30920-B
CHEMICAL COMPOSITION
MILL GRADE HEAT# Cc Mn P S Si

MID AMERICAN STEEL & WIRE 1012 W2 13 51 016 027 19

20,700 PCS 5/8" X 10" GUARD RAIL BOLT
PIN 1010G

WE HEREBY CERTIFY THE ABOVE BOLTS HAVE BEEN MANUFACTURED BY ROCKFORD BOLT AND STEEL AT OUR FACILITY IN
ROCKFORD, ILLINOIS, USA. THE MATERIAL USED WAS MELTED AND MANUFACTURED IN THE USA. WE FURTHER CERIFY THAT

THIS DATA IS A TRUE REPRESENTATION OF INFORMATION PROVIDED BY THE MATERIALS SUPPLIER, AND THAT OUR PROCEDURES
FOR THE CONTROL OF PRODUCT QUALITY ASSURE THAT ALL ITEMS FURNISHED ON THIS ORDER MEET OR EXCEED ALL APPLICABLE
TESTS, PROCESS, AND INSPEGTION REQUIREMENT PER ABOVE SPECIFICATION.

STATE OF ILLINOIS

COUNTY OF WINNEBAGO
SIGNED BEFORE ME ON THIS -
I SV IN 2. /8 M Welonsas 5131 /i
iy ‘KPPROVED SIGNATORY DATE
OFFICIAL SEAL

MERRY E SHANE
NOTARY PUBLIC - STATE OF ILLINOIS
MY COMMISSION EXPIRES OCTOBER 3, 2018

Figure B-32. %-in. Dia., 10-in. Long Guardrail Bolt, Test Nos. STBRT-1 and STBRT-2
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CHARTER
STEEL

A Division of
Charter Manufactuiing Company, Inc.

STEEL

f cHARTER'd

Melted in USA Manufactured in USA

Rockford Bolt & Steel

126 Mill St.
Rockford,IL-61101

Kind Attn :Linda McComas

EMAIL

December 23, 2020
MwRSF Report No. TRP-03-411-20

1658 Cald Spnngs Road
Saukvllle, Wisconsin 53080
(262} 268-2300
1-800-437.8789

Fax |262) 2682570

CHARTER STEEL TEST REPORT

Cust P.O. P38843-10
Customer Part # 100905
Charter Sales Order 70091993
Heat # 10626360

Ship Lot # : 4612760

Grade 1010 A AKFG RHQ 19732 RNDCOIL

Process HRSA

Finish Size 19/32

Ship date 16-OCT-19

| hereby certify that the material described herein has been manufactured in accordance with i

these requirements. The

ding of false, fictitious and fraudulant

or entries an this docu

he specifications and standards listed below and that it satisfies

may be punishable as a felony under federal statute,

Test resuits of Heat Lot # 10626350
Lab Code: 7388
CHEM c MN s S! N CR MO cu SN \Z
YWt .08 37 009 090 04 .08 01 08 008 001
AL N Tl NB
036 0080 0001 001 001

REDUCTION RATIO=108:1

Test resuilts of Rolling Lot # 1280744

Specifications: Manufactured per Gharter Steel Quality Manual Rev Date 05/12/17
Charter Steel certifies this product is indistinguishable from background radiation levels by having process radiation
detectors in place to measure for the presence of radiation within our Process & products.
Meets customer specifications with any applicable Charter Steel lons for the foll g custs doc
Customer Document = ASTM A28/A29M Revision=16 Dated= 01-DEC-16
Additlonal Comments:
b2 v
Melt Source: This MTR'supersedes all previously dated MTRs for this order
Charter Steel
Saukville, Wi, USA
Janice Barnard Division Mgr. of Quality Assurance
AOCHENITED barnardJ@charterstesl.com
Trip: 1393507 T“""HI Laborafory Printed Date : 10/16/2019

|
i

Figure B-33. 3%-in. Dia., 2-in. Long Guardrail Bolt, Test Nos. STBRT-1 and STBRT-2
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December 23, 2020
MwRSF Report No. TRP-03-411-20

LOAD 1658 Cald Springs Road
HA RTE R '{.nuk:/:llc‘ Wisconsin 53080
TE E L (262) 268-2100

1-800-437.8789
Fax [262) 268-2570

Damon of
harter Manufactuning Company, Inc.

' CHARTER STEEL TEST REPORT

Manufactured in USA é 5/ [ "

Melted i‘n U

\ [ Cusl P.O. = 040048854

i Customer Part # 09007018

| Charter Sales Order 70095515

Heal # 10641050

Ship Lot # 4635987

[ Grade 1018 R SK FG RHQ 19/32 RNDCOIL
Fastfinal Company Process HRCC |

5800Industrial Ave, Finish Size To/35

Lovds Park,IL-61111 Ship date 03-APR-20

| hereby certily
these requirem:

at the material described herein has been manutactured in accordance with the specifications and standards listed below and that it salislies
1s. The racording of false, fictitious and fraudulent statements or entries on this document may be punishable as a felony under federal statute.
Test results of Heat Lot # 10641050

Lab Code: 7388

CHEM | c MN P s S| NI CR MO cu SN v
%WL | 16 75 .009 .006 190 04 09 02 .07 008 003
AL N B Il NB
‘ 037 0080 .0001 002 001
JOMINY(HRC)
1 J2 J3
| 2 23 21

; JOMINY SAMPLE TYPE ENGLISH=C

Test results of Rolling Lot # 1203231

it of Tesls Min Value Max Value Mean Value
TENSILE (KSI) 1 74 i 7a TENSILE LAB = 0358-02
REDUCTION ON|AREA (%) 1 a3 a3 43 RA LAB = 0358-02
ROCKWELL B {HRBW) 1 76 76 76 RB LAB = 0358-02
| REDUCTIfiN RATIO=109:1
|
| |
‘ Specifications Manufactured per Charter Steel Quality Manual Rev Date 05/12/17
| [ Charter Steel certifies this product is indistinguishable from background radiation levels by having process radiation
1 s in place to e for the p of radiation within our process & products.
[ Meets customer specifications with any applicable Charter Steel pli for the following ct d is:
Customer Document = ASTM F2282 Revislon =18  Dated = 01-MAY-19
|

Addlllun‘fal Conjments:

Melt Source: This MTR supersedes all previously dated MTRs for this order

Charter Steel ecPana
Saukville, W1, JlUSA
Janice Barnard Division Mgr. of Quality Assurance
AGCREDITE! barnardJ@chartersteel.com
Trip: 142616 Teating Laboratory Printed Date : 04/03/2020

Figure B-34. %-in. Dia., 1%-in. Long Guardrail Bolt, Test Nos. STBRT-1 and STBRT-2
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December 23, 2020
MwRSF Report No. TRP-03-411-20

Certificate of Compliance
Birmingham Fastener Manufacturing
PO Box 10323
Birmingham, AL 35202
(205) 595-3512

Customer Midwest Machinery & Supply Date Shipped 11/28/2018

Customer Order Numb 3664 BFM Order Number 1553751

Item Description

Description "-11 x 10" Hex Bolt Qty 298
Lot # 81342 Specification ASTMA307-14GrA  Finish ASTM F2329
Raw Material Analysis
Heat# JK18104124
Chemical Composition (wt% Heat Analysis) By Material Supplier
[+ Mn 2 S Si Cu Ni Cr Mo
0.18 1.19 0.012 0.034 0.20 0.29 0.13 0.1 0.04
Mechanical Properties
Sample# Hardness Tensile Strength (Ibs) Tensile Strength (psi)
1 93 HRBW 22,049 4
2
3
4
5

This information represents the most recent analysis of the product supplied on the stated
customer order. The samples tested conform to the ASTM standard listed above.
All steel melted and manufactured in the U.S.A.

—

Authorized gé _f

Signature: /x)/é - Date: 11/29/2018
Brian Hugfes

Quality Assurance

Figure B-35. %-in. Dia., 10 in. Long Hex Bolt, Test Nos. STBRT-1 and STBRT-2
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December 23, 2020
MwRSF Report No. TRP-03-411-20

CERTIFIED MATERIAL TEST REPORT
FOR ASTM A307, GRADE A - MACHINE BOLTS

FACTORY: IFT1& MORGAN LTD. REPORT DATE:2019/4/2
ADDRESS:  No.583-28, Chang'an North Road, Wuyuan Town, Halyan,
Zhejiang, China MANUFACTURE DATE:2019/3/14
CUSTOMER: FASTENAL MFG LOT NUMBERM-2019HT138-5
SAMPE SIZE: ACC. TO ASME B18.18 CATEGORY 2-2011; ASTM F1470-12 TABLE 3
MANU QTY: 2450PCS SHIPPED QTY:2400PCS
SIZE: 5/8-11X1 1/2 HDG
HEADMARKS: 307A PLUS NY PO NUMBER:210179696
PART NO:1191919
STEEL PROPERTIES:
MATERIAL TYPE:Q195C HEATNUMBER:5-01570
CHEMISTRY SPEC: C %*100 Mn%*100 [P %*1000 S %*1000
Grade A ASTM A307-12 0.29max 1.20 max  |0.04max 0.15max
TEST: 0.07 0.33 0.015 0.022
DIMENSIONAL INSPECTIONS Unit:inch SPECIFICATION: ASME B18.2.1 - 2012
CHARACTERISTICS SPECIFIED ACTUAL RESULT ACC. REJ.
SRR Ok ook Kk ok ok skoke ok ke ok e sokok okokok s g skook ok ok ok skok ok skok skokokokokk sskokskokokokk ok ok skokok ok
VISUAL ASTM F788-2013 PASSED 18 0
THREAD ASME B1.1-2003, 3A GO, 2A NO GO PASSED 13 0
WIDTH A/F 0.906-0.938 0.916-0.928 3 0
WIDTH A/C 1.033-1.083 1.048-1.057 3 0
HEAD HEIGHT 0.378-0.444 0.394-0.428 3 0
BODY DIA. 0.605-0.642 0.617-0.634 3 0
THREAD LENGTH 1.420-1.560 1.436-1.543 13 0
LENGTH 1.420-1.560 1.436-1.543 13 0
MECHANICAL PROPERTIES: SPECIFICATION: ASTM A307 - 14el GR.A
CHARACTERISTICS TEST METHOD SPECIFIED ACTUAL RESULT ACC. REJ.
Hok Rk Sk pok skok ok sk ok ok ok ok kok ok kR ok ok ok kokkkkk ok ok okok ok ok
CORE HARDNESS : ASTM F606/F606M-2016 69-100 IIRB 75-80 HRB 3 0
WEDGE TENSILE: ASTM F606/F606M-2016 Min 60 KSI 65-69 KSI 3 0
CHARACTERISTICS TEST METHOD SPECIFIED ACTUAL RESULT ACC. REI
COATINGS OF ZINC: SPECIFIATION: ASTM F2329/F2329M-2015
HOT DIP GALVANIZED  ASTM B568-98(2014) Min 0.0017" 0.0017" -0.0018" 3 0

We hereby certify that above products supplied are in compliance with all the requirements of the order.

We here by certify that this MTR is in compliance to DIN EN 10204 3.1 content.

ALL TESTS IN ACCORDANCE WITH THE METHODS PRESCRIBED IN THE APPLICABLE
ASTM SPECIFICATION. WE CERTIFY THAT THIS DATA IS A TRUE REPRESENTATION OF
INFORMATION PROVIDED BY THE MATERIAL SUPPLIER AND OUR TESTING LABORATORY.
Maker's ISO 9001:2015 SGS Certificate # HK04/0105

(SIGNATURE ONYO%HTEAS G
(NAME OF MANUFAEFORER)

Figure B-36. %-in. Dia., 1%-in. Long Hex Bolt, Test Nos. STBRT-1 and STBRT-2
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Portland Bolt

& MANUFACTURING COMPANY

P

For: MIDWEST
PB Invoice#:
Phone: 800-547-6758 | Fax: 503-227-4634 Cust PO#:
3441 NW Guam Street, Portland, OR 97210 Date:
Web: www.portlandbolt.com | Email: sales@pertlandbolt.com Shipped:

and
fit

We certify that the following items were manufactured
with the chemical, mechanical, dimensional and thread
specifications referenced.

December 23, 2020
MwRSF Report No. TRP-03-411-20

ROADSIDE SAFETY FACIL
132406

STBRT

7/16/2020

7/17/2020

tested in accordance
requirements of the

Description: 3/4 X 7-1/2 GALV ASTM A449 ROUND HEAD BOLT

| Heat#: 3000536 |  Base Steel: 1045 Diam: 3/

Source: COMMERCIAL METALS CO Proof Load: 28,400 LBF

C : .460 Mn: .750 P .011 Hardness: 269 HBN

S ¢ .021 Si: .250 Ni: .070 Tensile: 48,000 LBF RA: 00%
Cr: .110 Mo: .040 Cu: .280 Yield: 0 Elon: 00%
Pb: .000 v : .000 Cb: .001 Sample Length: 0

N : .010 CE: .6057 Charpy: CVN Temp:
LOT#19779

Description: 3/4 X 21 GALV ASTM 2449 ROUND HEAD BOLT

| “meat#: 3000536 |  Base Steel: 1045 Diam: 3/4

Source: COMMERCIAL METALS CO Proof Load: 28,400 LBF

C : .460 Mn: .750 P =041 Hardness: 269 HBN

S : .021 Si: .250 Ni: .070 Tensile: 48,000 LBF RA: 00%
Cre 110 Mo: .040 Cu: .280 Yield: 0 Elon: 00%
Pb: .000 Vo2 000 Cb: .001 Sample Length: 0

N : .010 CE: .6057 Charpy: CVN Temp:
LOT#19779

Figure B-37. Round Head Bolts, Test Nos. STBRT-1 and STBRT-2
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Portland Bolt

& MANUFACTURING COMPANY

...........

NP

For: MIDWEST
PB Invoice#:
Phone: 800-547-6758 | Fax: 503-227-4634 Cust PO#:
3441 NW Guam Street, Portland, OR 97210 Date:
Web: www.portlandbolt.com | Email: sales@portlandbolt.com Shipped:

We certify that the following items were manufactured and
with the chemical, mechanical, dimensional and thread fit
specifications referenced.

December 23, 2020
MwRSF Report No. TRP-03-411-20

ROADSIDE SAFETY FACIL
115687

JIM HOLLOWAY
12/10/2018

12/12/2018

tested in accordance
requirements of the

Description: 3/4 X 9-1/2 GALV ASTM F3125 GRADE A325 HEAVY HEX BOLT

| “Beat#: 3078655 |  Base Steel: 1045 Diam: 3/4

Source: COMMERCTAL METALS CO Proof Load: 28,560 LBF

C : .440 Mn: .740 P .014 Hardness: 285 HBN

S : .024 Si: .210 Ni: .070 Tensile: 48,220 LBF RA: .00%
Cr: .100 Mo: .013 Cu .210 Yield: 0 Elon: .00%
Pb: .000 v : .000 Cb: .000 Sample Length: 0

N : .000 CE: .5818 Charpy: CVN Temp:
LOT#19059

Coatings:

ITEMS HOT DIP GALVANIZED PER ASTM F2329/A153C

Other:
ALL ITEMS MELTED & MANUFACTURED IN THE USA

/

By

[ @értification Department
Dane McKinnon

Quality Assurance

Figure B-38. Heavy Hex and Round Head Bolts, Test Nos. STBRT-1 and STBRT-2

Portland Bolt

& MANUFACTURING COMPANY

P

For: MIDWEST
PB Invoice#:
Phone: 800-547-6758 | Fax: 503-227-4634 Cust PO#:
3441 NW Guam Street, Portland, OR 97210 Date:
Web: www.portlandbolt.com | Email: sales@portlandbolt.com Shipped:

and
fit

We certify that the following items were manufactured
with the chemical, mechanical, dimensional and thread
specifications referenced.

ROADSIDE SAFETY FACTIL
119891

70ACCT

4/17/2019

4/25/2019

tested in accordance
requirements of the

Description: 7/8 X 8 GALV ASTM A307A HEX BOLT
i S
| Heat#: 489517 | Base Steel: A36 Diam: 7/8
e mm e e e e e - +
Source: CASCADE STEEL RLG MILL Proof Load: Q
e .180 Mn: .680 P .013 Hardness: 0
S : +015 Si: .240 Ni: .080 Tensile: 72,500 PSI RA: 42.00%
Cr: .130 Mo .028 Cu: .240 Yield: 48,800 PSI Elon: 24.00%
Pb: .000 v : .000 Cb: .000 Sample Length: 8 INCH
N : .000 CE: .3157 Charpy: CVN Temp:
Coatings:

ITEMS HOT DIP GALVANIZED PER ASTM F2329/A153C

) —
/ s
By:

Veértification Department Quality Assurance

Dane McKinnon

Figure B-39. 7&-in. Dia., 8-in. Long Hex Bolt, Test Nos. STBR
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CHARTER
STEEL

A Division of

CHARTER
STEEL

Charter Manufacturing Company, Inc

Melted in USA Manufactured in USA

Fontana Fasteners Inc
3595 West State Road 28
Frankfort,IN-46041

December 23, 2020
MwRSF Report No. TRP-03-411-20

EMAIL

1658 Cold Springs Road
Saukville, Wisconsin 53080
(262] 268-2400
1-800-437-8789

Fax [262] 268-2570

CHARTER STEEL TEST REPORT

CustP.O 135820
Customer Part # 955612619A1
Charter Sales Order 10240117
Heat # 10552460

Ship Lot # 4534855

Grade LEBA1 M SK FG RHQ 1-1/32 RNDCOIL

Process HRCC

Finish Size 1-1/32

Ship date 11-JUN-18

| hereby certify that the material described herein has been manufactured in accordance with the specifications and standards listed below and that it satisfies
these requirements. The recording of false, fictitious and fraudulent statements or entries on this document may be punishable as a felony under federal statute

Lab Code: 7388

Test results of Heat Lot # 10552460

CHEM c MN P S Sl NI CR MO cu SN \
%Wt 31 .92 .007 .007 .230 .05 A7 .09 .09 .006 .003
AL N B TI NB SB AS
027 .0070 0028 .023 .002 .001 .003
JOMINY(HRC)
J2 J3 Ja J5 J6 J7 Jg J9 J10 J1 J12
51 50 50 49 48 48 43 37 34 3 28 27
J13 J14 J15 J16 J18 J20 J22 J24 J26 J28
25 25 25 24 23 22 21 21 20 20
JOMINY LAB=0358-01 JOMINY SAMPLE TYPE ENGLISH=R CAT DI=3.22
Test results of Rolling Lot # 1241818
#of Tests Min Value Max Value Mean Value
ROCKWELL B (HRBW) 3 81 83 82 RB LAB = 0358-02
ROD SIZE (Inch) 12 1.024 1.037 1.030
ROD OUT OF ROUND (Inch) 6 0058 .008 .007
NUM DECARB=1 AVE DECARB (Inch)=.006
REDUCTION RATIO=36:1
pecificati ired per Charter Steel Quality Manual Rev Date 05/12/17

Charter Steel certifies this p

d is indi: i le from b 1d radiation levels by having process radiation

detectors in place to measure for the presence of radiation within our process & products.

Meets customer with any applicable Charter Steel exceptions for the following customer documents:
Customer Document=LE 1.1 Revision=9 Dated = 27-NOV-07
Additional Comments: GRADE 30 Cr Mn B1
Melt Source: This MTR supersedes all previously dated MTRs for this order
Charter Steel
Saukville, Wl, USA /
Janice Barnard Division Mgr. of Quality Assurance
AO.CREDI'I‘ED bamardJ@chartersteel.com
Trip: 1271794 TeatingLahoratory Printed Date : 06/11/2018
Page 1 of 2

Figure B-40. 1-in. Dia, 3%-in. Long Heavy Hex Bolt, Test Nos. STBRT-1 and STBRT-2
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CHARTER
STEEL

A Division of
Charter Manufacturing Company, Inc.

CHARTER
STEEL

Melted in USA Manufactured in USA

Fontana Fasteners Inc
3595 West State Road 28
Frankfort,IN-46041

EMAIL

December 23, 2020

MwRSF Report No. TRP-03-411-20

CHARTER STEEL TEST REPORT

1658 Cold Springs Road
Saukville, Wisconsin 53080
(262) 268-2400
1-800-437-8789

Fax (262) 268-2570

CustP.O 118874
Customer Part # 955610992A1
Charter Sales Order 30106122
Heat # 10415990

Ship Lot # 4385224

Grade LEBA1 M SK FG RHQ 25/64

Process HRCC

Finish Size 25/64

Ship date 09-JAN-16

| hereby certify that the material described herein has been manufactured in accordance with the specifications and standards listed below and that it satisfies
these requirements. The recording of false, fictitious and fraudulent statements or entries on this document may be punishable as a felony under federal statute.

Test results of Heat Lot # 10415990
Lab Code: 7388

CHEM (o3 MN P S &l NI CR MO cu SN \'s
%Wt .32 91 007 .008 .220 .04 A7 .08 .08 .006 .004
AL N B T NB SB AS
.023 .0060 .0028 022 .001 .002 .004

JOMINY(HRC)

J1 J2 J3 J4 J5 J6 J7 Jg Jo J10 J11 J12

51 51 51 50 49 48 45 39 33 30 27 25

J13 J14 J15 J16 J18 J20 J22

24 23 23 22 21 21 20

JOMINY LAB=0358-01 JOMINY SAMPLE TYPE ENGLISH=R CATDI=3.18

Test results of Rolling Lot # 1174376
# of Tests Min Value Max Value Mean Value
TENSILE (KSI) 1 917 91.7 91.7 TENSILE LAB = 0358-02
REDUCTION OF AREA (%) 1 65 65 65 RA LAB = 0358-02
ROCKWELL B (HRBW) 1 91 91 91 RB LAB = 0358-02
ROD SIZE (Inch) 4 .388 .393 .391
ROD OUT OF ROUND (Inch) 1 .005 .005 .005
NUM DECARB=1 AVE DECARSB (Inch)=.003
REDUCTION RATIO=252:1

Speci ions: N factured per Charter Steel Quality Manual Rev Date 12/12/13

Charter Steel certifies this product is indistinguishable from background radiation levels by having process radiation
detectors in place to for the p of radi within our process & products.

Meets specifi with any applicable Charter Steel exceptions for the following customer documents:
Customer Document = LE 1.1 Revision=98 Dated = 27-NOV-07

GRADE 30 Cr Mn B1

Additional Comments:

Melt Source:
Charter Steel
Saukville, WI, USA

This MTR supersedes all previously dated MTRs for this order

Janice Barnard

@EH} Manager of Quality Assurance
Rem: Load1,Fax0,Mail0 Tesding kabioratory Printed Date : 01/09/2016
Page 1 of 2

Figure B-41. 1-in. Dia., 2%-in. Long Heavy Hex Bolt, Test Nos. STBRT-1 and STBRT-2
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December 23, 2020
MwRSF Report No. TRP-03-411-20

TEST REPORT
USS FLAT WASHER, HDG

CUSTOMER: DATE: 30/12/2018
PO NUMBER: 180164126 MFG LOT NUMBER: M:SWE0412454%

SIZE: 5/8 PART NO: 1433185

HEADMARKS: QNTY: 6,000 PCS
DIMENSIONAL INSPECTIONS SPECIFICATION: ASME B18.21.1(2009)
CHARACTERISTICS SPECIFIED ACTUALRESULT  ACC.  REJ.
APPEARANCE ASTM F788-07 PASSED 100 0
OUTSIDE DIA 1,743-1.780 1.752-1.756 8 0
INSIDE DIA 0.681-0.718 0.700-0.707 8 0
THICKNESS 0.108-0.160 0.114-0.118 8 0
HOT DIP GALVANIZED ASTM Agiliciass C. Min 0.0017" Min 0.0019 In 8 0

RoHS Compliant

ALL TESTS IN ACCORDANCE WITH THE METHODS PRESCRIBED IN THE APPLICABLE ASTM SPECIFICATION.

WE CERTIFY THAT THIS DAIA IS A TRUE REPRESENTATION OF INFORMATION PROVIDED BY THE MATERIAL
SUPPLIER AND OUR TESTING LABORATORY.

MFG ISO 9001:2015 SGS Certificate # HK04/0105

We hereby certify that above products supplied are in compliance with all the requirements of the order.
We here by certify that this MTR is in compliance to DIN EN 10204 3.1 content.

NORGAF
% F )
o D
P iR ol Ry
sk, £ T
(SIGNATURE ORNGA! TEABYRA ¥
(NAME OF MAN R)

IF] & MORGAN LTD. ADDRESS: Chang'an North Road, Wuyuan Town, Haiyan, Zhejiang, China

Figure B-42. %-in. Dia. SAE Plain Round Washer, Test Nos. STBRT-1 and STBRT-2

262



December 23, 2020
MwRSF Report No. TRP-03-411-20

CERTIFIED MATERIAL TEST REPORT
FOR USS FLAT WASHERS HDG

FACTORY: IFl & Morgan Ltd REPORT DATE: 23/4/2019
ADDRESS:  Chang'an North Road, Wuyuan Town, Haiyan,Zhejiang, China

MFG LOT NUMBER: (1844804

SAMPLING PLAN PER ASME B18.18-11 PO NUMBER: 170089822

SIZE: USS 7/8 HDG QNTY (Lot sizc): 7200PCS

HEADMARKS: NO MARK PART NO: 33187
DIMENSIONAL INSPECTIONS SPECIFICATION: ASTM B18.21.1-2011
CHARACTERISTICS SPECIFIED ACTUAL RESULT  ACC. REL
APPEARANCE ASTM F844 PASSED 100 0
OUTSIDE DIA 2.243-2.280 2.246-2.254 10 0
INSIDE DIA 0.931-0.968 0.956-0.965 10 0
THICKNESS 0.136-0.192 0.136-0.157 10 0
CHARACTERISTICS TEST METHOD SPECIFIED ACTUALRESULT  ACC. REL
HOT DIP GALVANIZED  ASTM F2329-13 Min 00017 0.0017-00020 _in 8 0

ALL TESTS IN ACCORDANCE WITH THE METHODS PRESCRIBED IN THE APPLICABLE

ASTM SPECIFICATION. WE CERTIFY THAT THIS DAIA IS A TRUE REPRESENTATION OF
INFORMATION PROVIDED BY THE MATERIAL SUPPL) NR SSTING LABORATORY.
I1SO 9001:2015 SGS Certificate # HK04/0105 A

e
'i’g-z\-/;w 2
Wit L &

QB

S . LAB MGR.)

Figure B-43. 7&-in. Dia. USS Plain Round Washer, Test Nos. STBRT-1 and STBRT-2

CERTIFIED MATERIAL TEST REPORT
FOR USS FLAT WASHERS HDG

FACTORY: IFI & Morgan Ltd REPORT DATE: 22/1012018
ADDRESS:  Chang'an North Road, Wuyvuan Town, Haiyan,Zhejiang, China

SAMPLING FLAN PER ASME BI8.18-11 PO NUMBER: 210151571
SIZE: USS 11DG QNTY(Lot size): 3240PCS
HEADMARKS: NO MARK PARTNO: 33188
DIMENSIONAL INSPECTIONS SPECIFICATION: ASTM B18.21.1-2011
CHARACTERISTICS SPECIFIED ACTUALRESULT ACC.  REL
sk Rk i o #
APPEARANCE ASTM [i844 PASSED 100 0
OUTSIDE DIA 2.492-2.529 2.496-2.504 10 0
INSIDE DIA 1.055-1.092 1.080-1.089 10 0
THICKNESS 0.135-0.192 0.135-0.157 10 0
CHARACTERISTICS ~ TEST METHOD SPECIFIED ~ ACTUALRESULT ACC.  REL
% &k ek oksckokok % S *R R RFRRE Rk % %
HOT DIP GALVANIZED __ ASTM F2329-13 Min 0.0017" 0001700020 _in 8 0

ALL TESTS IN ACCORDANCE WITH THE METHODS PRESCRIBED IN THE APPLICABLE

ASTM SPECIFICATION. WE CERTIFY THAT THIS DAIA IS A TRUE REPRESENTATION OF
INFORMATION PROVIDED BY THE MATERIAL SUPPLIER™
ISO 9001:2015 SGS Certilicate # HK04/0105

S G
150 % &

QU

X_ LAB MGR.)

Figure B-44. 1-in. Dia. USS Plain Round Washer, Test Nos. STBRT-1 and STBRT-2
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December 23, 2020
MwRSF Report No. TRP-03-411-20

HEXICO ENTERPRISE CO., LTD.

NO.355-3.SEC. 3,CHUNG SHAN ROAD.KAU-JEN. TAINAN,TAIWAN.R.O.C.

TEL : 886 -

6 -2390616 FAX : 886 -6 -2308947

INSPECTION CERTIFICATE

CUSTOMER FASTENAL COMPANY REPORT DATE  2020/1/14

PART NAME Flat Washer , SAE |, EcoGuard

SIZE 3/4" MAF. DATE 2019/11/20
PART NO. W2A2C6003S2LK7 REPORT NO. 1090114-22
CUST. PART NO. 11137087 ORDER NO. 210199442
MATERIAL 10B21 /24 mm MAT. CER. NO. 10707001
HEAT(COIL) NO. 1P791 LOT NO. 8C2C6FNR6
LOT QTY 8,960 PCS MAEF. QTY 8,960 PCS

THE PRODUCTS SUPPLIED ARE IN COMPLIANCE WITH REQUIREMENT OF THE ORDER.

THE REPORT IS ISSUED ACCORDING TO EN10204 3.1

SAMPLING PLAN STANDARD
DIMENSION STANDARD
COATING STANDARD
HARDNESS TEST METHOD
COATING TEST METHOD
SALT SPRAY TEST METHOD
MECHANICAL PROPERTIES

ASME B18.18-2017 / ASTM F1470-2018
ASME B18.21.1 -2009
FNL.C.1000.ECO.S REV-002

ASTM F606/F606M-2016

ASTM B117-2016
ASTM F436/F436M

DIMENSIONS IN inch

TEST|INSPECTION RESULTS|INSPECTION
INSPECTION ITEM SPECIFICATION QTY MIN. MAX, EQUIPMENT
1 OUTSIDE DIAMETER 1.462 - 1.499 8 1.4720 1.4874 Caliper
2 INSIDE DIAMETER 0.805 - 0.842 8 0.8350 0.8370 Caliper
3 THICKNESS 0.108 - 0.160 8 0.1161 0.1185 Caliper
4 HARDNESS HRC 38 - 45 5 40.8 424 Hardness tester
5 COATING GEOMET 321+PLUSL 5 OK
6 SALT SPRAY TEST OK S.S.T tester
1000 Hrs No Red Rust 5
7 APPEARANCE VISUAL 100 OK
INSPECTED BY ?W L n CERTIFIED BY P e toao

Figure B-45. %-in. Dia. SAE Hardened Flat Washer, Test Nos. STBRT-1 and STBRT-2
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G9¢

4 BIFE SGPPLY
SPS Coil Processing Tulsa

5275 Bird Creek Ave.
Port of Catoosa, OK 74015

METALLURGICAL PAGE 1 of 1
TEST REPORT TME 125041
USER  WILLIAMR t

| 18271
1| SPS Warehouse 0045
P| 401 New Century Parkway
e NEW CENTURY KS
66031-1127 o
Order Material No. Description Quantity Weight  Customer Part Customer PO Ship Date
402994250020 70872178 174 72x 178 @@ STP MIL PLT 6 5,462.140 12/19/2017
Chemical Analysis
Heat No. (2664 Vendor BIG RIVER STEEL LLC DOMESTIC Mill BIG RIVER STEEL LLC Nt snd Niaraiactacedi i e/ URA
Produced from Coil
Carbon Mang Phosphorus  Sulph Silicon Nickel Chromium Molybdenum Boron Copper  Alumi Titani Vanadi Skt Nitrogen Tin
0.1900 0.8200 0.0070 0.0020 0.0300 0.0400 0.0500 0.0120 0.0001  0.1100 0.0260 0.0010 0.0040 0.0020 0.0077 0.0055
Mechanical / Physical Properties
Mill Coil No. 17126641-05
Tensile Yield Elong Rekwl Grain Charpy Charpy Dr Charpy Sz Temperature Olsen
75700.000 54100.000 28.10 0 NA
71300.000 52000.000 30.60 0 NA
71800.000 52000.000 33.20 0 NA
74900.000 55400.000 28.70 0 NA

Batch 0005075120 6 EA 5,452.140

LB

Batch 0005075119 7 EA 6,360.830 LB

THE CHEMICAL, PHYSICAL, OR MECHANICAL TESTS REPORTED ABOVE ACCURATELY REFLECT INFORMATION AS CONTAINED IN THE necoabs OF THE CORPORATION,
The material is in complisnce with EN 10204 Section 4.1 Inspection Certificate Type 3.1

Figure B-46. ¥-in. Thick, 2%-in. Square Washer, Test Nos. STBRT-1 and STBRT-2

0Z-TT#-€0-dHL "ON Hoday 4SHMIA

020z '€z Jaquiade@



December 23, 2020
MwRSF Report No. TRP-03-411-20

H : n R LOT NO. Post Office Box 6100
u 426929D Baint Joe, indiana 46785
FASTENER DIVISIGN Telephone 260/337-1600

CUSTOMER NO/NAME

8001 FASTENAL COMPANY-KS NUCOR ORDER # 188482
TEST REPORT SERIAL# FB616206 CUST PART # 38208
TEST REPORT ISSUE DATE 10/30/1%

DATE SHIPPED 2/25/20 CUSTOMER P.0. # 210211604

NAME OF LAB SAMPLER: KELLEY HARTER, LAB TECHNICIAN
FAXRAEXR XXX XXX ¥ XXCERTIFIED MATERIAL TEST REPDRT®XX¥XXXXXXXNXMRNXX

NUCOR PART NO QUANTITY LOT NO. DESCRIPTION
175657 1800 426929D 3/4-10 GR DH HV H.D.G.
MANUFACTURE DATE 8/05/19 HEX NUT HDG/GREEN LUBE
==CHEMISTRY MATERIAL GRADE -1045L
MATERIAL HEAT #*%CHEMISTRY COMPOSITION (WT% HEAT ANALYSIS) BY MATERIAL SUPPLIER
NUMBER NUMBER c MN P s SsI NUCOR STEEL - NEBRASKA
RND33367 100798971 LG4 .65 .006 .015 «19
--MECHANICAL PROPERTIES IN ACCDRDANCE WITH ASTM A563-15
SURFACE CORE PROOF LOAD TENSILE STRENGTH
HARDNESS HARDNESS 50100 LBS DEG-WEDGE
{R30N) (RC)Y {LBS) STRESS (PSI)
N/A 25.1 PASS N/7A N/7A
N/A 26.0 PASS N/A N/A
N/A 27.9 PASS N/A N/7A
N/A 26.6 PASS N/A N/A
N/A 27.4 PASS N/A N7A
AVERAGE VALUES FROM TESTS
PRODUCTION LOT SIZE 200000 PCS
--VISUAL INSPECTION IN ACCORDANCE WITH ASTM A563-15 160 PCS. SAMPLED LOT PASSED
--COATING - HOT DIP GALVANIZED TO ASTM F2329-15 - GALVANIZING PERFORMED IN THE U.S.A.
1. 0.00499 2. 0.00453 3. 0.00263 4. 0.00321 5. 0.00262 6. 0.00270 7. 0.00219
8. 0.00266 |5 0.00356 10. 0.00260 11. 0.0032% 12. 0.00355 13. 0.00777 14, 0.00288
15. 0.00319
AVERAGE THICKNESS FROM 15 TESTS .00348

==-HEAT TREATMENT - AUSTENITIZED, OIL QUENCHED & TEMPERED (MIN 800 DEG F)

--DIMENSIONS PER ASME B18.2.6-2010

CHARACTERISTIC #SAMPLES TESTED MINIMUM MAXTIMUM
Width Across Corners 8 1.404 1.415
Thickness 32 0.723 0.740

ALL TESTS ARE IN ACCORDANCE WITH THE LATEST REVISIONS OF THE METHODS PRESCRIBED IN THE APPLICABLE SAE AND ASTM
SPECIFICATIONS. THE SAMPLES TESTED CONFORN TO THE SPECIFICATIONS AS DESCRIBED/LISTED ABOVE AND WERE MANUFACTURED
FREE OF MERCURY CONTAMINATION. NO INTENTIONAL ADDITIONS DF BISMUTH, SELENIUM, TELLURIUM, OR LEAD WERE USED IN THE
STEEL USED TO PRODUCE THIS PRDDUCT.

THE STEEL WAS MELTED AND MANUFACTURED IN THE U.S.A. AND THE PRODUCT WAS MANUFACTURED AND TESTED IN THE U.S.A.

PRODUCT COMPLIES WITH DFARS 252.225-70l14. WE CERTIFY THAT THIS DATA IS A TRUE REPRESENTATION OF INFORMATION
PROVIDED BY THE MATERIAL SUPPLIER AND OUR TESTING LABORATORY., THIS CERTIFIED MATERIAL TEST REPORT RELATES ONLY

TO THE ITEMS LISTED ON THIS DOCUMENT AND MAY NOT BE REPRODUCED EXCEPT IN FULL. CERTIFICATION FORMAT MEETS EN10204 3.1

ACCREDITED

NUCOR FASTENER
A DIVISION OF NUCOR CQ

MECHANICAL FASTEMER
CERTIFICATE NO. AZLA 0139.01
EXPIRATION DATE 12/31/19

BOB HAYWOOD
QUALITY ASSURM

Page 1 of 1

Figure B-47. ¥%-in. 10 UNC Heavy Hex Nut, Test Nos. STBRT-1 and STBRT-2
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December 23, 2020
MwRSF Report No. TRP-03-411-20

CHARTER i R i
el STEEL P

ADNison of 1-800-437-8789
Charter Menwtaetiring Compsry, Inc. Fax (262) 2652570
CHARTER STEEL TEST REPORT
Melted In USA Manufactured In USA
Cust P.O, | i 50366-1808 |
Custorner Part# | 1.126 1010
Cherter Sales Order | et 30175614
I Heat# | o 10624580
Shis Lot# | 4810588
Grads 1010 A AK FG RHQ 1-1/8 RNDCOIL
Decker Manufacturing Corp. Prooeasl . HRCC
703 N. Clark St. Finish Siza | i 1-1/8
Alblon,MI-48224 Ship date | = 29-SEP-18
| hereby certify that the material describad herein has been with th and llsted belpw and that & satisfies
these requirementa. The racording of false, ficlitious and fraudulsnt -msments or entries on | mll thia document may be punishable as a felony under feders] statute,
Test results ¢ asmmunmm
Lab Cods: 7388
CHEM c MN P 8 ) N CR MO cu SN v
KW a1 48 008 010 070 08 .08 .02 o8 008 001
AL N B T NB
024 D070 0001 001 001
Test reaults of Rolling Lot # 1279032
#of Toatn Min Value Max Valos Msan Valus
ROCKWELL B (HRBW) 1 1] [} 82 RB LAB = 038802
ROD 8IZE (Inch) 12 1123 1481 1427
ROD OUT OF ROUND {Inch) L] E 07 008
REDUCTION RATIO=3D:1
Spacifications: Manufaciured per Charter Steel Qualify Manual Rev Date 10612147
Charter Stesl certitien this product is from backg: radiation lavels by having procees radiation
in place to for the e of within our &
M customer speciications with any applizable Charter Stee! for the
=ABTM =18 Dated= 01-DEG-18
Additional Comments:
Meit Source: ———  This MIR supersedss all previously dated MTRs for Ihis order
Charter Stes!
Saukville, W, USA
Janice Bamard Divialon Mgr. of Quallly Asgurance
. bamardJ@chariersteel
Trip: 1380021 b o Printed Date : osm/zms

Page 1 of 2

Figure B-48. %-in. Dia. Guardrail Nut, Test Nos. STBRT-1 and STBRT-2
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ISO/TS 16949

BUREAU VERITAS
Certification

MANUFACTURER :GEM-YEAR INDUSTRIAL CO., LTD.
ADDRESS : NO.8 GEM-YEAR
ROAD,E.D.Z.,JIASHAN,ZHEJIANG,P.R.CHINA
PURCHASER : FASTENAL COMPANY PURCHASING
PO. NUMBER : 110216407
COMMODITY : FINISHED HEX NUT GR-A
SIZE : GIESIN® 0/T 0.51MM
LOTNO : (ENIGE00ZY
SHIP QUANTITY : 23, 400 PCS
LOT QUANTITY 170, 278 PCS
HEADMARKS :

MANUFACTURE DATE : 2016/08/26

December 23, 2020
MwRSF Report No. TRP-03-411-20

GEM-YEAR TESTING LABORATORY
CERTIFICATE OF INSPECTION

Tel: (0573)84185001(48Lines)
Fax: (0573)84184488 84184567

DATE : 2017/03/23

PACKING NO : GEM160919007

INVOICE NO :  GEM/FNL-160929%1

PARTNO : GEED

SAMPLING PLAN :

ASME BI8. 18-2011 (Category. 2) /ASTM F1470-2012
HEAT NO : @SIG0S0ID

MATERIAL : MLOS

FINISH : HOT DIP GALVANIZED PER ASTM A153-
2009/ASTH F2329-2013

R#17-507 H#331608011

BCT Cable Bracket Nuts

COUNTRY OF ORIGIN : CHINA

PERCENTAGE COMPOSITION OF CHEMISTRY:ACCORDING TO ASTM A563-2007

Chemistry |  AL% C% MN% P% $% S1%
Spec. : MIN.

MAX. 0. 5800 0.1300  0.2300
Test Value 0.0350 0.0700 0.4100 0.0160 0.006G 0.0500

DIMENSIONAL INSPECTIONS :ACCORDING TO ASME B18. 2. 2-2010

SAMPLEDBY: DWTING
INSPECTIONS ITEM ~ SAMPLE SPECIFIED ACTUAL RESULT  ACC. REJ.
WIDTH ACROSS CORNERS © 6PCS 1.0510-1. 0830 inch 1.0560-1.0690 inch 6§ 0
FIM 15PCS| ASME B18.2.2-2010  Mex. 0.0210 inch 0.0020-0.0040 inch 15 0
THICKNESS 6PCS 0. 5350-0. 5590 inch 0.5390-0.5570 inch & 0
WIDTH ACROSS FLATS 6PCS 0. 9220-0. 9380 inch 0. 9240-0. 9340 inch 0
SURFACE DISCONTINUITIES 29PCS ASTM F812-2012 PASSED 29 0
THREAD 15PCS GAGING SYSTEM 21 PASSED 15 0
MECHANICAL PROPERTIES : ACCORDING TO  ASTM A563-2007
SAMPLEDBY : GDAN LIAN
INSPECTIONS ITEM SAMPLE% TEST METHOD ;REF SPECIFIED ACTUAL RESULT ACC. REJ.;
CORE HARDNESS 15PCS  ASTM F606-2014 68-107 HRB 1981 HRB 15 0
PROOF LOAD 4PCS | ASTM F606-2014 Min. 90 XSI K 4 o
PLATING THICKNESS( 1 m) 5PCS | ASTM B568-1998 >=53 70.02-75.81 5 0

WE CERTIFY THAT THIS DATA IS A TRUE REPRESENTATION OF INFORMATION PROVIDED BY THE MATERIAL SUPPLIER
AND OUR TESTING LABORATORY .WHICH ACCREDITED BY ISO/IEC17025(CERTIFICATE NUMBER:3358.01)
WE CERTIFY THAT THE PRODUCTS SUPPLIED ARE IN COMPLIANCE WITH THE REQUIREMENTS OF THE ORDER

Quality Supervisor:

268
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page 1 of 1

Figure B-49. %-in. Dia. Hex Nut, Test Nos. STBRT-1 and STBRT-2



December 23, 2020
MwRSF Report No. TRP-03-411-20

I¥TF1§5M:2118

EAEEU FIMITLE
RIpfmin

%3 GEM-YEAR TESTING LABORATORY

i CERTIFICATE OF INSPECTION

MANUFACTURER GEM-YEAR INDUSTRIAL CO., LTD. Tel: (057)841860014BLines)
ADDRESS - NO.8 GEM-YEAR Fax: (0573)24184488 84124567

ROAD,E D.Z_JIASHAN ZHEJIANG, PR CHINA DATE : 201804723
PURCHASER : FASTENAL COMPANY PURCHASING PACKING NO : GEMI81128011
PO. NUMBER 210167591 INVOICE NO - GEM/FNL-181217ED-1
COMMODITY : FINISHED HEX. NUT GR-A PARTNO: 36717
SIZE:  T8-9NC  O/T 0.56MM SAMPLING PLAN :
LOTNG: IN1880113 ASME B18.18-2017(Category 2/ ASTM F1470-2018
SHIP QUANTITY : 2250 PCS HEATNO: 181084733
LOT QUANTITY 31,764 PCS MATERIAL : X1008A
HEADMARKS - FINISH - HOT DIP GALVANIZED PER. ASTM A153-

2008/ ASTM F2320-2013
MAMNUFACTURE DATE -2018/10/12
COUNTRY OF ORIGIN - CHINA

PERCENTAGE COMPOSITION OF CHEMISTRY:ACCORDING TO ASTM AS563-2015

| Chemistry | AL% | C% | Mh% | P% | S% | Si%
Spec. : MIM

| M 0.5800 0.1300 | 02300
TestValue [ po3oo| oos00| 02800 00160 00060 0.0300

DIMENSIONAL INSPECTIONS ‘ACCORDING TO  ASME B18.2.2.2015
SAMPLED BY : WANGYAN

INSPECTIONS ITEM  1SAMPLE, SPECIFIED ! ACTUAL RESULT 'ACC. REJ.
WIDTH ACROSS CORNERS @ 4BCS  1447015160mch  : 1465014800 4% 0
FIM ' 15pcg  ASMEBIS22.2015  Max 0.0250inch | 0.0040-00060imck 15% 0
THICKNESS ' 4pCs 0.7240-07760inch | IHB0.0740mcE  4° 0
WIDTHACROSSFLATS | 4PCS 12690-13120inch ¢ 12830-1280mcl 4] 0
SURFACE DISCONTINUITIES | 29FCS ASTMFS12-2012 DASSED! 290 0
THREAD ' 15PCS GAGING SYSTEM21 | PASSED! 15! 0
MINOR DIAMETER ! 15PCS) 0.7890-0.7970 inch 1 PASSED! 150 D
MECHANICAL PROPERTIES : ACCORDING O ASTM A963-2013

SAMPLEDEY: GDAN LIAN
INSPECTIONS ITEM ! SAMPLE! TEST METHOD REFR SPECIFIED ! ACTUAL RESULT !ACC.! REJ.
[COREHARDNESS | 13PCS 'ASTMF6062013 : ©  1I6300HRB:  SI8IHRE 13
PROOF LOAD i 3PCS |ASTMF606-2014 1 Min. 80 KSI) oK 3
PLATING THICKNESS(uwm) | 3SPCS JASTMBS6S-1998 ! | =53! 72059508 5! ]

WE CERTIFY THAT THIS DATA I3 A TRUE REFPRESENTATION OF INFORMATION PROVIDED BY THE MATERIAL SUPPLIER
AND OUR TESTING LABORATORY WHICH ACCREDITED BY |S0MEC17025{CERTIFICATE MUMBER:3358.01)
WE CERTIFY THAT THE PRODUCTS SUPPLIED ARE IN COMPLIANCE WITH THE REQUIREMENTS OF THE ORDER
WE CERTIFY THAT ALL PRODUCTS WE SUPPLIED ARE IN COMPLIANCE WITH DIN EN 10204 2.1 CONTENT

Quality Supervisor: %}M’L’

pege 1 of 1

Figure B-50. 7-in. Dia. Hex Nut, Test Nos. STBRT-1 and STBRT-2
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IATF1EEE21E

gL i GEM-YEAR TESTING LABORATORY
IiE CERTIFICATE OF INSPECTION
MANUFACTURER GEM-YEAR INDUSTRIAL CO., LTD. Tel: (057384185001 (45Lines)
ADDRESS - NO 8 GEM-YEAR Fax: (0573)84184488 84134567
ROAD.ED.Z JIASHAN ZHEJNANG,P.R.CHINA DATE - 2019/04/23
PURCHASER : FASTENAL COMPANY PURCHASING PACKING NO - GEMIS1128011
PO. NUMEER - 210167581 INVOICE NO :  GEM/FNL-181217ED-1
COMMODITY : FINISHED HEX NUT GR-A PART NO : (36717
SIZE: T8-9NC  OT 0560 SAMPLING PLAM :
LOT MO - INIEBCDOL ASME B18.18-2017(Catezory 23 ASTM F1470-2018
SHIF QUANTITY : 2250 BCS HEATNO : 181084723
LOT QUANTITY 3910 BCS MATERIAL 1 10084

HEADMARKS - FIMISH : HOT DI? GALVAMIZED PER. ASTM A153-
2000/ASTM F2320-2013

MANUFACTURE DATE - 2018/11705
COUNTRY OF ORIGIN - CHINA

PERCENTAGE COMPOSITION OF CHEMISTRY:ACCORDING TO ASTM A563-2015

| Chemistry | Alse | c%_ | MM | FP% | S% | S%
Spec. : MIN
[LEv 0.5800 0.1300 [ 02300

| TestVaiue | “gao0 | 00700 02700 | 0.0080] 00050 | 0.0300

DIMENSIONAL INSPECTIONS ACCORDING TO ASME B1§.2.2-2015
SAMPLED BY :  YUQILAN

INSPECTIONS ITEM | SAMPLE! SPECIFIED ! ACTUAL RESULT !ACC.'REJ.
WIDTH ACROSS CORNERS @ 4PCS  L4A70.15160mch @ 1473014770mek  4' 0 |
FIM ' 15pcs ASMEBIS222015  Max 00250inch | 0.0010-00050imc 150 0
THICENESS 4PC55 0.7240-0.7760 mch 0.7280-0.7480 inch! 4 ]
WIDTHACROSSFLATS | 4PCS; 12690-13120mch 1234012000k 4! 0
SURFACE DISCONTINUITIES | 22PCS, ASTMFSI22012 ! PASSED: 11} 0
THREAD ' 15PCS; GAGING SYSTEM21 PASSED, 15! 0
MINOR DIAMETER | 15PCS 0.7890-07970inch | PassED! 15! 0
MECHAMICAL PROPERTIES : ACCORDING TO  ASTM AS563-2015

SAMPLEDBY: GDAN LIAN

INSPECTIONS ITEM ! SAMPLE! TESTMETHOD ‘RER SPECIFIED ! ACTUAL RESULT 'ACC.! REJ.
[CORE HARDMESS | 13PCS |ASTMF6063013 | ©  116-302HRB:  SI82ERB 13°  (
PROOF LOAD i 3PCS | ASTMFE06-2004 1 Min._ 90 ESI, Ok 3
PLATING THICKNESS(um) | SPCS | ASTM B36S-1998 ! | ==53! 0227568 51

WE CERTIFY THAT THIS DATA IS A TRUE REFRESENTATION OF INFORMATION PROVIDED BY THE MATERIAL SUPFLIER
AND OUR TESTING LABORATORY WHICH ACCREDITED BY ISCMIEC17025(CERTIFICATE NUMBER:3358.01)
WE CERTIFY THAT THE PRODUCTS SUPPLIED ARE IN COMPLIANCE WITH THE REQUIREMENTS OF THE ORDER
WE CERTIFY THAT ALL PRODUCTS WE SUPPLIED ARE IN COMPLIAMCE WITH DIMN EM 10204 2.1 CONTENT

Quality Supervisor: %}'—VM"

mee 1 of 1

Figure B-51. 7&-in. Dia. Hex Nut, Test Nos. STBRT-1 and STBRT-2
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~

Nov, 26. 2018 3:4

A

PM Fastenal-NELIN No. 5947 P 2

®

Certificate of Compliance

Sold To: Purchase Order: STBR
UNL TRANSPORTATION Job: Ttem# f3, hl and il
Invoice Date: 11/8/2018

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

80 PCS 1"-8 Hot Dipped Galvanized A563 Grade DH Heavy Hex Nut Made In USA SUPPLIED UNDER QUR TRACE NUMBER
210157128 AND UNDER PART NUMBER 38210 '

450 PCS3/4"-10 Hot Dipped Galvanized A563 Grade DH Heavy Hex Nut Made In USA SUPPLIED UNDER OUR TRACE NUMBER
210169774 AND UNDER PART NUMBER 38208

80 PCS 1"-8 Hot Dipped Galvanized A563 Grade DH Heavy Hex Nut Made In USA SUPPLIED UNDER OUR TRACE NUMBER
210157128 AND UNDER PART NUMBER 38210

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

m\_ﬁ This document was printed on 11/26/2018 and was current at that
e time.

Fastenal Accm&t\l&presentative Signature Fastenal Store Location/Address
A§ h ( 8 L. 3201 N. 23rd Sireet STE 1

0, [N C'Z.Ej LINCOLN, NE 63521
Printed Narfh ‘ Phone #; (102)476-7900

Fax #: 402/476-7258

i Z‘ﬁlr(g

Date

Page 1 of 1

<

Figure B-52. 1-in. 8 UNC Heavy Hex Nut, Test Nos. STBRT-1 and STBRT-2
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Apr. 17. 2019 2:15PM Fastenal-NELIN No. 6648 P, 2

®

Certificate of Compliance

Sold To: Purchase Order: 70acet BCTAnchorCableHardware
UNL TRANSPORTATION/Midwest Roadside Safe Job:
Invoice Date: 10/19/2018

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

200 PCS 1" x 2.500" OD Low Carbon Hot Dipped Galvanized Finish Steel USS General Purpose Flat Washer SUPPLIED UNDER
OUR TRACE NUMBER 210151571 AND UNDER PART NUMBER 33188

200 PCS 1"-8 Hot Dipped Galvanized A563 Grade DH Heavy Hex Nut Made In USA SUPPLIED UNDER OUR TRACE NUMBER
210157128 AND UNDER PART NUMBER 38210

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

w M This document was printed on 04/17/2019 and was current at that
DY e

Faste{ljr AccomﬁRepresematlve S\l’gnature Fastenal Store Location/Address
! Bﬂo : 3201 N, 23rd Street STE 1

L \0ou @Q\J H*Y) LINCOLN, NE 68521
Printed Name ] Phone #: (402)476-7900

Fax #: 402/476-7958

Al

‘ T
Date

Page 1 0of 1

Figure B-53. 1-in. Dia. Hex Nut, Test Nos. STBRT-1 and STBRT-2
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¢5¢® EXLTUBE

1000 BURLINGTON STREET, NORTH KANSAS CITY, MO 64116 1-816-474-5210 TOLL FREE 1-800-892-TUBE
STEEL/VENTURES, LLC dba EXLTUBE

Certified Test Report
| |
Customer: ‘ Size:  04.00X06.00 Customer Order No: Customer Part No:
SPS - New Century Gauge: 1/4 | E450000425 | 6660040025040 ’
401 New Century Parkway > - 83573496 40FT
NEW CENTURY KS 66031-1127 | ome ‘ Relan e LR )
‘ 04/20/2020 Load No: 4295161
‘ | ]
Specification |
‘ ASTM A500-13 Gr.B/C ‘
|
Heat No Yield Tenslle Elongation
KSI KSI % 2 Inch
90992C 61.9 776 29.00
Heat No c MN P ] Sl cu NI CR MO \
90992C 0.2300 0.8100 0.0110 0.0070 0.0150 0.0200 0.0100 0.0400 0.0000 0.0000

This material was melted & manufactured in the U.S.A. This material meets the Buy America requirement of 23 CFR 635.410.
Coil Producing Mill: UNITED STATES STEEL, Granite City, IL

We hereby cextify that all test results shown in this report are correct as contained in the records of our company. All testing and manufacturing is in
accordance to A.S.T.M. parameters encompassed within the scope of the specifications denoted in the specification and grade tiles above. This product was
manufactured in accordance with your purchase order requirements

This material has not come into direct contact with mercury, any of its compounds, or any mercury bearing devices during our manufacturing process, testing,
or inspections.

This material is in compliance with EN 10204 Section 4.1 Inspection Certificate Type 3.1
Tensile test completed using test specimen with 3/4" reduced area.

STEEL VENTURES, LLC dba EXLTUBE

Jonathan Wolfe
Quality Assurance Manager

Figure B-54. HSS6x4xY4, Test Nos. STBRT-1 and STBRT-2
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)

STEEL AND
d PIPE SUPPLY

SPS Coil Processing Tulsa
5275 Bird Creek Ave.
Port of Catoosa, OK 74015

METALLURGICAL
TEST REPORT

PAGE 1 of 1
DATE  02/03/2020
TIME 06:13:30

g f‘ 13716

i || Kansas City Warehouse

D P| 401 New Century Parkway

& T NEW CENTURY KS

ol 66031-1127 H

Order Material No. Description Quantity Weight  Customer Part Customer PO Ship Date
40343212-0010  72896240A2 1/4 96 X240 AS572GR50 MILL PLATE 1 1,633.600 01/31/2020

Heat No. B9L648

Carbon M Phosph Iph
0.1600 0.8400 0.0100 0.0030
Mill Coil No. B9L6480434
Tensile Yield

74700.000 56200.000

75900.000 57000.000

76200.000 58100.000

77600.000 59600.000

Batch 0006190954 1 EA 1,633.600 LB
Batch 0006180860 6 EA 9,801.600 LB

Silicon
0.0400

Elong
28.50
27.30
25.00
25.90

Vendor SSAB - MONTPELIER WORKS

Nickel
0.1500

Rckwl

Chemical Analysis

DOMESTIC

Chromium Molybdenum Boron

0.1300 0.0400 0.0000
Mechanical / Physical Prope

Grain Charpy

66

60

62

0

Batch 0006190945 6 EA 9,801.600 LB

Mill SSAB - MONTPELIER WORKS

Copper
0.3300

rties

Charpy Dr
Longitudinal
Longitudinal
Longitudinal

NA

Aluminum
0.0350

Melted and Manufactured in the USA
Produced from Coil

Titanium Vanadium  Columbium Nitrogen Tin
0.0060 0.0180 0.0010 0.0000 0.0000
Charpy Sz Temperature Olsen

50 -20F

50 -20F

5.0 -20F

Batch 0006190939 6 EA 9,801.600 LB

Figure B-55.

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

The material is in compliance with EN 10204 Section 4.1 Inspection Cettificate Type 3.1

This test report shall not be reproduced, except in full, without the written approval of Steel & Pipe Supply Company, Inc.

Y-in. Plates, Test Nos. STBRT-1 and STBRT-2

0Z-TTH-€0-dd.L "ON Hoday 4SHMIN

0202 ‘€2 JaquiadaQ
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22Jan20 13:49 T'E 8T CERITIFICATE No: DCR 244763
NUCOR TUBULAR PRODUCTS INC. B/0 No 4500342208
DECATUR DIVISION Rel
2000 INDEPENDENCE AVENUE N.W. S/0 No DCR 120285-001
DECATUR, AL 35601 B/L No DCR 85166-002 Shp 220an20
Tel: 256 340-7420 Fax: 256 340-7415 Inv No ) Inv
So0ld To: ( 5017) Ship To: ¢ 1)
STEEL & PIPE SUPPLY STEEL & PIPE SUPPLY
401 NEW CENTURY PARKWAY 401 NEW CENTURY PKWY
KANSAS CITY WHSE. NEW CENTURY, KS .66031

NEW CENTURY, KS 66031

Tel: 913-768-4333 Fax: 913 768-6683

CERTIFICATE of ANALYSIS and TESTS Cert. No: DCR 244763
; — e . - U 20Jan20
Part No - )
TUBING A500 GRADE B(C) Pcs Wgt
12" X 4" X 1/4™ X 207 12 ¢,18¢
Heat Number Tag No . Pcs Wgt
NJ2018 902566 6 3,008
- YLD=65100/TEN=71800/ELG=27.5
NJ8018 ’ 20267 ) & 3,088
YLD=65100/TEN=71800/ELG=27.5
Heat. Number _ - _ . %% Cf cal Analysisg *%#
NJ8018 C=0.0500 Mn=0.3800 P=0.0090 S=0.0010 Si=0.2460 Al=0.0220

Cu=0.0900 0.0400 Mo=0.0100 V=0.0020 Ni=0.0300 Nb=0.0090
Cb=0.0050 0.0030 N=0.0055 B=0.0002 Ti=0.0010 Ca=0.0011
MELTED AND MANUFACTURED IN THE USA

WE PROUDLY MANUFACTURE ALL QUR PRODUCTS IN THE USA
NUCOR TUBULAR PRODUCTS ARE MANUFACTURED, TESTED
AND INSPECTED IN ACCORDANCE WITH ASTM STANDARDS.
MATERIAL IDENTIFIED AS A500 GRADE B(C) MEETS BOTH
ASTM A500 GRADE B AND AS500 GRADE C SPECIFICATIONS.

A252-10
A500/A500M-18"

A513/A513M-15

ASTM A53/R53M-12 | ASME SA-53/5A-53M-13
AB47/RE4TM-14

A1085/A1085M-15

IN COMPLIANCE WITH EN 10204 SECTION 4.1
INSPECTION CERTIFICATE TYPE 3.1

Page: I ... DESE

Figure B-56. HSS12x4xY%s Transition Rail, Test Nos. STBRT-1 and STBRT-2
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Atlas Tube Arkansas
5039N County Road 1015
Blytheville Arkansas USA
72315

Tel:

Fax:

Sold To

Steel & Pipe Supply Company
PO Box 1688

MANIIATT AN 17 DaCAs

MANHATTAN KS 88505

Material: 8.0x6.0x250x40'0"0(3x2).

Sales Order: 1521653

Heat No c Mn P
19197161 0.220 0.760 0.012
Bundle No PCs Yield
M500297076 6 059854 Psi
Heat ML Mill L ocation

19197161  BIGRIVER Osceola,AR
Material Note:
Sales Or. Note:

Authorized by Quality Assurance:

CE calculated using the AWS D1.1 method.

8 Steel Tube
Lute

N FNl')RIH AMERICA
A 4

;L..Ma&l-«/

The resuits reported on this report represent the actual attributes of the materiai furnished and indi full

333 Atlas 7ube

D A DIVISION OF ZEKELMAN INDUSTRIES

Page: 10of 1

Figure B-57. HSS8x6xY4 Transition Rails, Test No. STBRT-1

REF.B/L: 80953912
Date: 05/29/2020
Customer: 179

(8) Metals Service Center Institute

MATERIAL TEST REPORT .
Shipped To
Steel & Pupe Suppg Company
401 New Century Parkway
NEW CENTURY KS 66031
USA
Material No: 800602504000 Made in: USA
Melted in: USA
Purchase Order: C452003663 Cust Material#: 6680060025040
S Si Al Cu Cb Mo Ni Cr ' Ti B N Ca
0.002 0.030 0.028 0.090 0.001 0.018 0.060 0.050 0.003 0.001 0.0002 00073 0.0028
Iensile Eln.2in Certification CE: 0.38
075134 Psi 34 % ASTM A500-18 GRADE B&C
EAF 76.00% 95.00% 5.00 % 75% 500
p with all specification and contract requirements.

0Z-TTH-€0-dd.L "ON Hoday 4SHMIN

0202 ‘€2 JaquiadaQ
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2% EXLTUBE

1000 BURLINGTON STREET, NORTH KANSAS CITY, MO 64115 1-818.474-5210 TOLL FREE 1-800-882.TUSE
STEEL VENTURES, LLC dba EXLTUBE '

+ Certified Test Report

Custamar; Shw: 08,00.)(08,00 Cuatamar Order Nex Customes #ant N
State Stesl of Omaha Guge 174 PO0227JT021 |
13433 Cantach Road . 2 |
: 7 ‘ 40 F1
Omaha NE 68138-3492 Oaw. Oslvery No: 83546706 g 4C |
02/28/5020 | oo e 1277120 |
Epeafization: l
H ASTM AB500-13 Gr.B/C
L , |
p(u No Yield Tensilo Elorgation
' KS| KS| % 2'Inch
// 87705¢° 3 £6.5 68.7 34.00
(‘ \
1
J
' 1
!
| |
\ f
Host No /| ¢ i MH P s St toty Ni CH MO v
3 87705C ‘/ 0.2200 0.8000 0.0060 0,0060 00119 0.05C0 0.0100 C.0400 0.0000 0,6000
\\ /II v

—

This material was melted & manafactured in the U.S,A. This materisl moats the Buy Amarica requiremert of 23 CFR 835,410,
Coll Producing Mill: UNITED STATES STEEL, Granite City, IL :

We hareby certify that all test results shown In this fepart are corract as conteined in the records ol ow company. All 1esting and
manul rina Is in d ta ASTM paramotere encampassed within the 3cope of Uwm spuuiliveons denowmd In 106 speciticanon and
grade tles sbove. This product was manufectured in accordance with your purchase oraer reguirements.

Tiie material has not come into diract contect with marcury, any of ks compounds, ar any mersury bearing devices during our manufaciusng
process, 18sting, or inspections. s

This matarial Is in compliance with EN 10204 Saction 4,1 Inspection Certificata Type 3.1

Tansile tast completed using test specimen with 374” raguced ares.
STEEL VENTURES, LLC dba EXLTUSBE

Wsz?JTB?lam‘ Jonathen Wolie
I Im n" munlmllmll Quality Assurance Manager
. ER7IE5CE

Figure B-58. HSS8x6xY4 Transition Rails, Test No. STBRT-2
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Appendix C. Shop Drawings for Transition Tube Rails
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Appendix D. Vehicle Center of Gravity Determination
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Estimated Total Weight (Ib) 2400

Vehicle Dimensions for C.G. Calculations

Date: 8/24/2020 Test Name: STBRT-1 VIN: kmhcn46c69u367008
Model Year: 2009 Make: Hyundai Model: Accent
Vehicle CG Determination
Weight Vertical Vertical M

Vehicle Equipment (Ib) CG (in.) (Ib-in.)
+ Unballasted Car (Curb) 2447 22.811 55819.1
+ Hub 19 10.625 201.875
+ Brake activation cylinder & frame 7 16.0 112.0
+ Pneumatic tank (Nitrogen) 30 13.0 390.0
+ Strobe/Brake Battery 5 19.0 95.0
+ Brake Receiver/Wires 5 31.0 155.0
+ CG Plate including DAQ 22 17.0 374.0
- Battery -30 26.0 -780.0
- Oil -7 9.5 -66.5
- Interior -63 14.0 -882.0
- Fuel -19 10.0 -190.0
- Coolant -7 21.0 -147.0
- Washer fluid -9 18.0 -162.0
P Water Ballast (In Fuel Tank) 0 0
22 Onboard Supplemental Battery 0]

0

0
Note: (+) is added equipment to vehicle, (-) is removed equipment from vehicle 54919.5

Wheel Base: 98.5 in. Front Track Width: 57.5 in.

Roof Height: ~ 57.75 in. Rear Track Width: 57.188 in.

Center of Gravity 1100C MASH Targets Test Inertial Difference
Test Inertial Weight (Ib) 2420 + 55 2404 -16.0
Longitudinal CG (in.) 39+4 35.483 -3.517
Lateral CG (in.) NA 0.429 NA
Vertical CG (in.) NA 22.883 NA

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

CURB WEIGHT (Ib)

TEST INERTIAL WEIGHT (Ib)

Front
Rear

FRONT
REAR

TOTAL

Left Right

810 | 740

445 | 452

1550 Ib

897 b
2447 b

Front
Rear

FRONT
REAR

TOTAL

Left Right

760 | 778

24 | 442

1538 b

866 Ib
2404 b

Figure D-1. Vehicle Mass Distribution, Test No. STBRT-1
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Date: 9/22/2020 Test Name: STBRT-2 VIN: 1C6RR6FT9ES238613
Model Year: 2014 Make: Dodge Model: Ram 1500 Quad Cab
Vehicle CG Determination
Weight  Vertical Vertical M
Vehicle Equipment (Ib) CG (in.) (Ib-in.)
+ Unballasted Truck (Curb) 5133 |28.464038 | 146105.91
+ Hub 19 15 285
+ Brake activation cylinder & frame 7 28 1/2 199.5
+ Pneumatic tank (Nitrogen) 30 27 810
+ Strobe/Brake Battery 5 26 130
+ Brake Receiver/Wires 6 52 312
B CG Plate including DAQ 30 311/8 933.75
- Battery -53 40 -2120
- Qil -13 16 -208
- Interior -97 29 -2813
- Fuel -163 18 -2934
- Coolant -12 36 432
- Washer fluid -8 36 -288
+ Woater Ballast (In Fuel Tank) 109 16 1744
+ Onboard Supplemental Battery 5 26 130
0
0
Note: (+) is added equipment to vehicle, (-) is removed equipment from vehicle 141855.16
Estimated Total Weight (Ib)|] 4998
Vertical CG Location (in.)| 28.3824
Vehicle Dimensions for C.G. Calculations
Wheel Base:  140.5 in. Front Track Width: 68.0625 in.
Rear Track Width: 67.875 in.

Center of Gravity 2270P MASH Targets Test Inertial Difference
Test Inertial Weight (Ib) 5000 + 110 5007 7.0
Longitudinal CG (in.) 63 +4 60.975934 -2.02407
Lateral CG (in.) NA 0.2782823 NA
Vertical CG (in.) 28 or greater 28.38 0.38238
Note: Long. CG is measured from front axle of test vehicle
Note: Lateral CG measured from centerline - positive to vehicle right (passenger) side
CURB WEIGHT (Ib.) TEST INERTIAL WEIGHT (Ib.)

Left Right Left Right
Front ¥ 1476 1446 Front 1412 1422
Rear 1121 " 1090 Rear 1071 1102
FRONT 2922 b FRONT 2834 b
REAR 2211 Ib REAR 2173 b
TOTAL 5133 b TOTAL 5007 Ib

Figure D-2. Vehicle Mass Distribution, Test No. STBRT-2
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| L | 1 - ]
1 q
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_r =
Dynamic Set up Static Load Test Post-Test Photo of Post
B ”
op
L - 7
36" Diometer .
32" 2 45' Granulor Fill T~_
b? —1 T 4 : 40" o
w0 4 . ) Static T G
11 ‘T Dynamic Tes tInstallation Details |Illt‘|::ﬂ:ll ge'ulh | -
Soil Gradation for Baseline Fill Soil
100 Y T
i AN |
& 80 . !
£ 70 : ;
L 60 \ i
50
§ 40 N |
& 30 T
13 1
100 10 0.1 0.01
Grain Size, D (mm)
— Comparison of Load vs. Deflection
25000 Dynamic Test
/\— (Acc)
= 20000 7% — ‘ N Dynamic Test
-8- / ' \ (L.C)
= 15000 1— —
) \ = = = Dynamic Test
= 10000 1_‘I \ Required Min.
I e ———————————— i Static Test
5000 ’,‘
L =
0
0 5 10 15 20 25 30
Deflection (in.)
DAt 2/16/2018
Test Facility & Site Location.. Midwest Roadside Safety Facility
In situ soil description (ASTM D2487)......... Well-Graded Grawel (GW)
Fill material description (ASTM D2487)...... Well-Graded Gravel (GW) (see sieve analyses abowe)
Description of fill placement procedure.....H.E.-8
Bogle WelghL. . umivisimmanssiansisssiies 1786 Ib 810 kg
Impact Veloclty........ccowumiennemmsinanmnssnsns 20.9 mph 33.7 km/h

Figure E-1. Soil Strength, Initial Calibration Tests
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Static Load Test Setup Post-Test Photo of Post
m—— Comparison of Load vs. Deflection
~——— Baseline Static
10000 / ‘\ Test
o e Mlinimum Load
2 - / \ (90% Baseline)
g 6000 Ny ——— STBRT-1 - Load
2 \ cell 1
4000 /-/“"'-\_-\_\ \\ e STBRT-1 - Load
M—*\ Cell 2
2000 D
~
0
0 5 10 15 20 25 30 35
Deflection (in.)
SOIL GRADATION
100
| |
90 , i‘\ | i
g 70 f
& 60 !
€ 50 | \\\\
8 N
& :g \:\I\ -
20 - :
10 “‘--"ﬁ-\h |
0 | |
100 10 1 0.1 0.01
Grain Size, D (mm)
~~& -~ Baseline Soil —%— STBRT-1 Soil
Dats .. cuvsnssvssusemmsimssssssimas v 8/24/2020
Test Facility & Site Location...............c..u.. Midwest Roadside Safety Facility
In situ soil description (ASTM D2487)......... Well-Graded Grawel (GW)
Fill material description (ASTM D2487)...... Well-Graded Grawel (GW) (see sieve analyses abowe)
Description of fill placement procedure.....8-inch lifts tamped with a pneumatic compactor

Figure E-2. Static Soil Test, Test No. STBRT-1
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Static Load Test Setup Post-Test Photo of Post
. Comparison of Load vs. Deflection
8000 ~—— Baseline Static
7000 Test
— 6000 / \ Minimum Load
2 [ (90% Baseline)
g 5000 ~———STBRT-2 - Load
€ 4000 - \\-\ ~ Cell 1
3000 N S— ~——STBRT-2 - Load
e N Cell 2
2000 ~
N
1000 '
0
0 5 10 15 20 25 30 35
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100
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90 11 t
|
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0 |
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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 Grawel (GW) (see sieve analyses abowe)
Description of fill placement procedure.....8-inch lits tamped with a pneumatic compactor

Figure E-3. Static Soil Test, Test No. STBRT-2
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Appendix F. Vehicle Deformation Records

The following figures and tables describe all occupant compartment measurements taken
on the test vehicles used in full-scale crash testing herein. MASH 2016 defines intrusion as the
occupant compartment being deformed and reduced in size with no penetration. Outward
deformations, which are denoted as negative numbers within this Appendix, are not considered as
crush toward the occupant, and are not subject to evaluation by MASH 2016 criteria.
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Date: 8/24/2020 Test Name: STBRT-1 VIN: kmhcnd6¢69u367008
Model Year: 2009 Make: Hyundai Model: Accent
VEHICLE DEFORMATION
DRIVER SIDE FLOOR PAN - SET 1
Pre;(eﬂ Pre;est Pre;esl Posttest X Pos&test Posttest Z|  AX* av* AZ Total A | Crush® Dwegrlons
POINT in) in) ) (in.) i) (in.) (in.) (in.) (in.) (in.) (in.) Crush®
1 62.0338 | -9.4107 | 5.0833 | 62.0159 | -9.4286 | 5.4051 0.0179 | -0.0179 | -0.3218 | 0.3228 0.0179 X
62.0252 | -5.5753 | 4.9334 | 61.9871 | -5.6487 | 5.1358 0.0381 -0.0734 | -0.2024 | 0.2186 | 0.0381 X
- 3 62.2922 | 2.0541 5.0758 | 62.2486 | 2.1352 5.3228 0.0436 | 0.0811 | 0.2470 | 0.2636 | 0.0436 X
> v} - 4 62.2564 | 2.3796 51833 | 62.2220 | 2.3490 5.3264 0.0344 0.0306 | -0.1431 | 0.1503 0.0344 X
{EN_ 5 61.2730 | 6.5975 4.1885 | 61.3415 | 6.4596 44846 | 0.0685 | 0.1379 | -0.2961 | 0.3337 | 0.0000 NA
8{-325 6 58.3504 | -9.6809 | 7.3854 | 58.3603 | -9.7459 | 7.6636 | -0.0009 | -0.0650 | -0.2782 | 0.2857 | 0.0000 NA
r—é 7 58.2978 | -5.8793 | 7.1394 | 58.2335 | -5.9483 7.4196 0.0643 | -0.0690 | -0.2802 | 0.2956 | 0.0643 X
8 58.6160 | -1.8061 7.3725 | 58.5823 | -1.8557 7.6303 0.0337 | -0.0496 | -0.2578 | 0.2647 0.0337 X
9 58.4404 | 2.5768 7.4444 | 58.3883 | 2.6080 7.6556 0.0521 -0.0312 | -0.2112 | 0.2198 0.0521 X
10 57.6906 | 6.6181 4.2630 | 57.6855 | 6.5304 4.4359 0.0051 0.0877 | -0.1729 | 0.1939 0.0051 X
1 53.6791 | -13.6107 | 7.9989 | 53.6336 | -13.6896 | 8.2356 0.0455 | -0.0789 | -0.2367 | 0.2536 | -0.2367 Z
12 53.8357 | -7.9186 | 7.8975 | 53.7744 | -7.9604 | 8.1601 0.0613 | -0.0418 | -0.2626 | 0.2729 | -0.2626 Z
13 53.5725 | -3.4742 7.9065 | 53.5244 | -3.5249 | 8.1651 0.0481 -0.0507 | -0.2586 | 0.2679 | -0.2586 Z
14 53.3841 | 1.3082 8.1473 | 53.3480 | 1.2091 8.0313 0.0361 0.0991 0.1160 | 0.1568 | 0.1160 Z
15 53.0631 | 6.6084 4.3081 | 53.0497 | 6.4591 4.5211 0.0134 0.1493 | -0.2130 | 0.2605 | -0.2130 74
16 47.7564 | -13.5655 | 8.3695 | 47.6936 | -13.6362 | 8.5990 0.0628 | -0.0707 | -0.2295 | 0.2482 | -0.2295 Z
17 47.8853 | -8.0150 | 8.0368 | 47.8476 | -8.0660 | 8.2884 0.0377 | 0.0510 | -0.2516 | 0.2595 | -0.2516 Z
o 18 47.8196 | -3.5540 | 8.0631 | 47.8254 | -3.6748 | 83112 | -0.0058 | -0.1208 | -0.2481 0.2760 ;-02481 Z
Z 19 47.9734 | 1.5755 8.7853 | 47.9355 | 1.5167 8.8953 0.0379 0.0588 | -0.1100 | 0.1304 | -0.1100 z
o 20 47.4528 | 6.4130 4.7611 | 47.4708 | 6.2984 4.8963 | -0.0180 | 0.1146 | -0.1352 | 0.1781 | -0.1352 Z
8 = 21 43.0473 | -13.5155 | 8.3682 | 43.0437 | -13.5888 | 8.5952 0.0036 | -0.0733 | -0.2270 | 0.2386 | -0.2270 Z
I 22 43.4944 | -7.9832 8.0941 | 43.4521 | -8.0525 | 8.3267 0.0423 | -0.0693 | -0.2326 | 0.2464 | -0.2326 z
23 43.9211 | -3.4231 8.1341 | 43.9245 | -3.5119 | 8.3556 | -0.0034 | -0.0888 | -0.2215 | 0.2387 | -0.2215 Z
24 44.1804 | 1.6905 8.7740 | 44.1565 | 1.6258 8.9537 0.0239 0.0647 | -0.1797 | 0.1925 | -0.1797 T4
25 44.2930 | 6.5204 4.7187 | 44.2855 | 6.4337 4.7796 0.0075 0.0867 | -0.0609 | 0.1062 | -0.0609 Z
26 38.9248 | -12.1649 | 8.1463 | 38.9105 | -12.1926 | 8.3603 0.0143 | -0.0277 | -0.2140 | 0.2163 | -0.2140 Z
27 39.2065 | -8.0162 8.1456 | 39.2048 | -8.1046 | 8.3477 0.0017 | -0.0884 | -0.2021 | 0.2206 | -0.2021 Z
28 39.1903 | -3.7194 | 8.2053 | 39.1788 | -3.8511 8.4227 0.0115 | -0.1317 | -0.2174 | 0.2544 | -0.2174 4
29 39.1796 | 1.8061 8.2482 | 39.1514 | 1.7030 8.4247 0.0282 0.1031 0.1765 | 0.2063 | -0.1765 Z
30 39.9680 | 6.7025 4.5455 | 39.8945 | 6.5543 4.6819 0.0735 0.1482 | -0.1364 | 0.2144 | -0.1364 Z

A Positive values denote deformation as inward toward the occupant compartment, negative values denote deformations outward away from the occupant
compartment.

& Crush calculations that use multiple directional components will disregard components that are negative and only include positive values where the component is
deforming inward toward the occupant compartment.

© Direction for Crush column denotes which directions are included in the crush calculations. If "NA" then no intrusion is recorded, and Crush will be 0.

Pretest Floor Pan | Posttest Floor Pan

Figure F-1. Floor Pan Deformation Data — Set 1, Test No. STBRT-1
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Date: 8/24/2020 Test Name: STBRT-1 VIN: kmhcn46c69u367008
Model Year: 2009 Make: Hyundai Model: Accent
VEHICLE DEFORMATION

DRIVER SIDE FLOOR PAN - SET 2

Pre)t(est Pre;t/est Preéest Posttest X Pos\t/test Posttest Z|  AX* AYA Viviy Total A | Crush® Dlreft;trlons
POINT | (in) (i) (in) (in) (in) (in)) (in.) (in.) (in.) (in) (n) | crushe
1 62.7125 | -24.6301 | 4.7239 | 62.7493 | -24.5256 | 4.4140 | -0.0368 | 0.1045 | 0.3099 | 0.3291 0.3099 74

2 62.5877 | -20.7963 | 4.5861 | 62.5827 | -20.7014 | 4.2285 0.0050 | 0.0949 0.3576 | 0.3700 0.3576 XZ
3 62.7493 | -17.2691 | 4.7383 | 62.7454 | -17.1704 | 4.4625 0.0039 | 0.0987 0.2758 | 0.2930 0.2758 X Z
4 62.5806 | -12.8388 | 4.8600 | 62.5736 | -12.7142 | 4.5425 0.0070 | 0.1246 0.3175 | 0.3411 0.3176 XZ
S 61.4656 | -8.6494 | 3.8834 | 61.5506 | -8.6177 | 3.7196 | -0.0850 | 0.0317 0.1638 | 0.1872 0.1638
6
7
8

59.0598 | -25.0177 | 7.0438 | 59.1164 | -25.0011 | 6.7394 | -0.0566 | 0.0166 | 0.3044 | 0.3101 0.3044

58.8825 | -21.2190 | 6.8101 | 58.9137 | -21.1556 | 6.5363 | -0.0312 | 0.0634 0.2738 0.2828 0.2738
59.0792 | -17.1387 | 7.0543 | 59.1444 | -17.0969 | 6.8006 | -0.0652 | 0.0418 0.2537 0.2653 0.2537
9 58.7721 | -12.7634 | 7.1409 | 58.7625 | -12.6594 | 6.9148 0.0096 0.1040 0.2261 0.2491 0.2263
10 57.8846 | -8.7370 | 3.9762 | 57.9349 | -8.6918 | 3.7918 | -0.0503 | 0.0452 0.1844 0.1964 0.1844
11 54.5031 | -29.0885 | 7.6687 | 54.5120 | -29.0169 | 7.3192 | -0.0089 | 0.0716 0.3495 0.3569 0.3495
12 54.4878 | -23.3939 | 7.5843 | 544997 | -23.3673 | 7.3165 | -0.0119 | 0.0266 0.2678 0.2694 0.2678
13 54.0910 | -18.9595 | 7.6086 | 54.1503 | -18.9131 | 7.3884 | -0.0593 | 0.0464 0.2202 0.2327 0.2202
14 53.7600 | -14.1858 | 7.8655 | 53.7808 | -14.1971 | 7.3276 | -0.0208 | -0.0113 | 0.5379 0.5384 0.5379
16 53.2598 | -8.8862 | 4.0446 | 532964 | -8.8747 | 3.8930 | -0.0366 | 0.0115 0.1516 0.1564 0.1516
16 48.5838 | -29.2228 | 8.0693 | 48.6306 | -29.2243 | 7.7391 -0.0468 | -0.0015 | 0.3302 0.3335 0.3302
17 48.5438 | -23.6699 | 7.7535 | 48.5908 | -23.6015 | 7.5227 | -0.0470 | 0.0684 0.2308 0.2453 0.2308
18 48.3440 | -19.2130 | 7.7941 | 48.3740 | -19.2084 | 7.6121 -0.0300 | 0.0046 0.1820 0.1845 0.1820
19 48.3470 | -14.0834 | 8.5317 | 48.3935 | -14.0344 | 8.2678 | -0.0465 | 0.0490 0.2639 0.2724 0.2639
20 47.6603 | -9.2518 | 4.5255 | 47.6933 | -9.2183 | 4.3633 | -0.0330 | 0.0335 0.1622 0.1689 0.1622
21 43.8754 | -29.3147 | 8.0921 | 43.9325 | -29.2506 | 7.8229 | -0.0571 0.0641 0.2692 0.2826 0.2692
22 441543 | -23.7706 | 7.8332 | 44.1576 | -23.7396 | 7.6257 | -0.0033 | 0.0310 0.2075 0.2098 0.2075
23 44.4438 | -19.1999 | 7.8853 | 44.4731 | -19.1798 | 7.7130 | -0.0293 | 0.0201 0.1723 0.1759 0.1723
24 44.5523 | -14.0827 | 8.5400 | 446145 | -14.0594 | 8.3802 | -0.0622 | 0.0233 0.1598 0.1731 0.1598
25 44.4985 | -9.2395 | 4.4995 | 44.5657 | -9.1867 | 4.3075 | -0.0672 | 0.0528 0.1920 0.2102 0.1920
26 39.7130 | -28.0882 | 7.8954 | 39.7125 | -27.9958 | 7.6513 0.0005 0.0924 0.2441 0.2610 0.2441
27 39.8696 | -23.9329 | 7.9063 | 39.9411 | -23.8777 | 7.7052 | -0.0715 | 0.0552 0.2011 0.2205 0.2011
28 39.7244 | -19.6387 | 7.9796 | 39.7823 | -19.6947 | 7.8408 | -0.0579 | -0.0560 | 0.1388 0.1605 0.1388
29 39.5476 | -14.1162 | 8.0399 | 39.5768 | -14.0849 | 7.9148 | -0.0292 | 0.0313 0.1251 0.1322 0.1251
30 40.1692 | -9.1872 | 4.3487 | 40.2619 | -9.1881 | 4.2389 | -0.0927 | -0.0009 | 0.1098 0.1437 0.1098
A Positive values denote deformation as inward toward the occupant compartment, negative values denote deformations outward away from the occupant
compartment.

8 Crush calculations that use multiple directional components will disregard components that are negative and only include positive values where the
component is deforming inward toward the occupant compartment.

© Direction for Crush column denotes which directions are included in the crush calculations. If "NA" then no intrusion is recorded, and Crush will be 0.

TOE PAN -
WHEEL WELL
X, 2)

N

FLOOR PAN
@
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Pretest Floor Pan Posttest Floor Pan

Figure F-2. Floor Pan Deformation Data — Set 2, Test No. STBRT-1
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December 23, 2020
MwRSF Report No. TRP-03-411-20

Test Name: STBRT-1 VIN: kmhcn46c69u367008
Model Year: 2009 Make: Hyundai Model: Accent
VEHICLE DEFORMATION
DRIVER SIDE INTERIOR CRUSH - SET 1
Pre)‘(es' P"f:es' PreZteSt Posttest X | Posttest Y | Posttest Z|  ax* NG 2zt | Totala | crusn® |PTOCNONS
POINT (in) (in) (in) (in.) (in.) (in.) (in.) (in.) (in.) (in.) (in.) Crush®
1 49.2387 | -12.9290 | -19.6555 49.1732 | -12.7047 | -19.6351 | 0.0655 0.2243 0.0204 0.2346 0.2346 XY, Z
—~ 45.8383 | -3.2440 | -23.0668 45.9069 | -3.0902 | -23.3240 | -0.0686  0.1538 | -0.2572 | 0.3074 0.3074 XYz
}, : 3 | 47.8732 | 10.7719 | -20.5296  47.5001 | 10.8874 | -20.8794 | 0.3731 -0.1155 | -0.3498 | 0.5243 0.5243 X Y.z
‘D‘: 5 4 46.8492 | -11.9394 | -14.2077 46.7888 | -11.4223 | -14.2915 | 0.0604 0.5171 -0.0838 | 0.5273 0.5273 X Y. Z
~ 5 473210 | -2.2229 | -8.9880 47.2687 | -1.6727 | -8.9264 | 0.0523 0.5502 0.0616 0.5561 0.5561 %:N.2
6 44.2722 | 10.3204 | -13.7701 44.4168 | 10.4874 | -14.0118 | -0.1446  -0.1670 | -0.2417 | 0.3274 0.3274 X Y. Z
wi 7 53.3647 | -16.4832 | -0.4209 53.2176 | -15.8508 | -0.2558 | 0.1471 0.6324 0.1651 0.6699 0.6324 Y.
=] ZZ 8 52.9343 | -16.4776 | 2.0083  52.7831 | -16.1073 | 2.2001 0.1512 0.3703 0.1918 0.4436 0.3703 Y
D 9 58.5201 | -16.4210 | -0.1028  58.2787 | -15.8269 | 0.0612 0.2414 0.5941 0.1640 0.6619 0.5941 Y-
w 10 21.6106 | -17.4118 | -10.4384 21.0447 | -18.3052 | -10.4261 | 0.5659  -0.8934 | 0.0123 1.0576 | -0.8934 Y
g & 11 | 34.2756 | -17.7942 | -10.1962 33.6415 | -19.3081 | -10.1785 | 0.6341 -1.56139 | 0.0177 1.6414 | -1.5139 Y
= Qs 12 41.9941 | -17.5270 | -9.6849 41.3063 | -18.2631 | -9.6701 0.6878 -0.7361 0.0148 1.0075 -0.7361 ¥
‘;g 8 = 13 24.1893 | -17.6423 | -1.8429  23.7446 | -17.9923 | -1.8041 0.4447  -0.3500 | 0.0388 0.5672 | -0.3500 ¥
% 14 | 33.3005 | -17.8006 | 0.5099  32.7966 | -18.2775 | 0.4406 0.5039  -0.4769 | -0.0693 | 0.6972 | -0.4769 ¥
= 15 41.2641 | -18.3032 | -0.1252  40.7189 | -18.9613 | -0.0478 | 0.5452  -0.6581 0.0774 0.8581 -0.6581 Y
16 29.5019 | -6.7293 | -37.2458 29.2837 | -7.5686 | -37.3585 | 0.2182  -0.8393 | -0.1127 | 0.8745 | -0.1127 z
17 30.0719 | -2.9207 | -37.4913 29.8483 | -3.7691 | -37.5875 | 0.2236  -0.8484 | -0.0962 | 0.8826 | -0.0962 Z
18 30.4496 | 1.3648 | -37.7033 30.2743 | 0.4544 | -37.7477 | 0.1753 0.9104 | -0.0444 | 09282 | -0.0444 z
19 | 30.6437 | 54836 | -37.8331 304908 | 4.5482 | -37.8386 | 0.1529 0.9354 | -0.0055 | 0.9478 | -0.0055 7
20 30.6693 | 9.8390 | -37.8998 30.5595 | 8.9637 | -37.8549 | 0.1098 0.8753 0.0449 0.8833 0.0449 z
T 21 251038 | -6.3399 | -37.9790 24.9552 | -7.1879 | -38.0755 | 0.1486  -0.8480 | -0.0965 | 0.8663 | -0.0965 Z
= 22 | 253062 | -2.7921 | -38.2782 251436 | -3.6436 | -38.3573 | 0.1626  -0.8515 | -0.0791 0.8705 | -0.0791 z
% 23 25.7935 | 1.2363 | -38.4849 25.6429 | 0.3998 | -38.5618 | 0.1506 0.8365 | -0.0769 | 0.8534 | -0.0769 74
o] 24 259378 | 5.2250 | -38.6299 25.7851 | 4.4079 | -38.6973 | 0.1527 0.8171 -0.0674 | 0.8340 | -0.0674 z
= 25 | 26.0441 | 93540 | -38.6864 258713 | 8.4344 | -38.6020 | 0.1728 0.9196 0.0844 0.9395 0.0844 Z
26 21.9347 | -6.1441 | -38.3438 21.7362 | -6.9886 | -38.4499 | 0.1985  -0.8445 | -0.1061 0.8740 | -0.1061 4
27 21.9750 | -2.3437 | -38.6840 21.7791 -3.1818 | -38.7890 | 0.1959 -0.8381 -0.1050 0.8671 -0.1050 Z
28 | 224967 | 09718 | -38.8497 223146 | 0.1489 | -38.9670 | 0.1821 0.8229 | -0.1173 | 0.8509 | -0.1173 z
29 22.1143 | 4.8291 | -39.0551 21.9602 | 4.0094 | -39.2032 | 0.1541 0.8197 | -0.1481 0.8471 -0.1481 Z
30 21.9122 | 8.1583 | -39.1516 21.7678 | 7.3374 | -39.0625 | 0.1444 0.8209 0.0891 0.8383 0.0891 Z
31 54.0879 | -15.6599 | -21.9489 53.8660 | -15.4327 | -21.8969 | 0.2219 0.2272 0.0520 0.3218 0.3218 X Y. Z
% g < 32 51.4069 | -15.1918 | -23.9788 51.2036 | -15.0747 | -23.9766 | 0.2033 01171 0.0022 0.2346 0.2346 XY, Z
JE 33 48.3190 | -14.5501 | -25.9179 48.1593 | -14.6211 | -26.0051 | 0.1597  -0.0710 | -0.0872 | 0.1953 0.1597 X
- 34 44.5102 | -13.7040 | -28.1781 44.3952 | -13.9933 | -28.3458 | 0.1150  -0.2893 | -0.1677 | 0.3536 0.1150 X
<=~ 35 41.5367 | -13.0324 | -29.7878 41.3759 | -13.4588 | -29.9806 | 0.1608  -0.4264 | -0.1928 | 0.4948 0.1608 X
36 35.2953 | -11.8009 | -32.4490 35.1157 | -12.5014 | -32.6573 | 0.1796  -0.7005 | -0.2083 | 0.7526 0.1796 X
31 54.0879 | -15.6599 | -21.9489 53.8660 | -15.4327 | -21.8969 | 0.2219 0.2272 0.0520 0.3218 0.2272 Y
% s 32 51.4069 | -15.1918 | -23.9788 51.2036 | -15.0747 | -23.9766 | 0.2033 0.1171 0.0022 0.2346 0.1171 ¥
4% 33 | 48.3190 | -14.5501 | -25.9179 48.1593 | -14.6211 | -26.0051 | 0.1597  -0.0710 | -0.0872 | 0.1953 | -0.0710 Y:
o 34 44.5102 | -13.7040 | -28.1781 44.3952 | -13.9933 | -28.3458 | 0.1150  -0.2893 | -0.1677 | 0.3536 | -0.2893 Y
<8 35 41.5367 | -13.0324 | -29.7878 41.3759 | -13.4588 | -29.9806 | 0.1608  -0.4264 | -0.1928 | 0.4948 | -0.4264 ¥
36 35.2953 | -11.8009 | -32.4490 35.1157 | -12.5014 | -32.6573 | 0.1796  -0.7005 | -0.2083 | 0.7526 | -0.7005 ¥:
% g g 37 11.5590 | -10.8227 | -33.6200 11.4298 | -11.4960 | -33.6623 | 0.1292  -0.6733 | -0.0423 | 0.6869 0.1292 X
JE,- 38 15.6318 | -14.0523 | -26.7138 15.5015 | -14.6730 | -26.6357 | 0.1303  -0.6207 | 0.0781 0.6390 0.1519 X;Z
a % v 39 12.7403 | -14.9742 | -22.8698 12.5675 | -15.5150 | -22.8600 | 0.1728  -0.5408 | 0.0098 0.5678 0.1731 X.Z
o= 40 16.9767 | -15.4978 | -20.1327  16.8387 | -16.2293 | -20.1096 | 0.1380  -0.7315 | 0.0231 0.7448 0.1399 XiZ
n<: s 37 11.5590 | -10.8227 | -33.6200 11.4298 | -11.4960 | -33.6623 | 0.1292  -0.6733 | -0.0423 | 0.6869 | -0.6733 ¥
45 38 15.6318 | -14.0523 | -26.7138 15.5015 | -14.6730 | -26.6357 | 0.1303  -0.6207 | 0.0781 0.6390 | -0.6207 ¥e
[ 39 12.7403 | -14.9742 | -22.8698 12.5675 | -15.5150 | -22.8600 | 0.1728  -0.5408 | 0.0098 0.5678 | -0.5408 Y
o 8 40 | 16.9767 | -15.4978 | -20.1327 16.8387 | -16.2293 | -20.1096 | 0.1380 -0.7315 0.0231 0.7448 -0.7315 Y
A Positive values denote deformation as inward toward the occupant compartment, negative values denote deformations outward away from the occupant
compartment.
® Crush calculations that use multiple directional compenents will disregard components that are negative and only include positive values where the component is
deforming inward toward the occupant compartment.
© Direction for Crush column denotes which directions are included in the crush calculations. If "NA" then no intrusion is recorded, and Crush will be 0.

Figure F-3. Interior Crush Deformation Data — Set 1, Test No. STBRT-1
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December 23, 2020
MwRSF Report No. TRP-03-411-20

Test Name: STBRT-1 VIN: kmhcn46c69u367008
Model Year: 2009 Make: Hyundai Model: Accent

VEHICLE DEFORMATION
DRIVER SIDE INTERIOR CRUSH - SET 2

Directi
Pre)t(est Pre;t(est Pre;est Posttest X | Posttest Y [ Posttest Z|  Ax* AYH AZ* Total A | Crush® wef(;:ons
POINT (in) (in) (in) (in.) (in.) (in.) (in.) (in.) (in.) (in.) (in.) Crush®

1 49.8303 | -28.2403  -20.0855 | 49.8229 | -27.6413 | -20.4973  0.0074 0.5990 -0.4118 0.7269 0.7269
2 46.1182 | -18.6472  -23.4308 | 46.1806 | -18.0916 | -23.9974  -0.0624 0.5556 -0.5666 | 0.7960 0.7960
3 47.7597 | -4.5870 @ -20.8545 | 47.3347 | -4.1044 | -21.3677  0.4250 0.4826 -0.5132 0.8227 0.8227
4 47.4573 | -27.3420  -14.6147 | 47.4734 | -26.5179 | -15.1028 -0.0161 0.8241 -0.4881 0.9579 0.9579
5 47.6851 | -17.6353  -9.3605 | 47.7000 | -16.8357 | -9.6006 @ -0.0149 0.7996 -0.2401 0.8350 0.8350
6
7
8
9

<
N

N N N|N|N

DASH
X.Y,2)
NINNINGNNNNINNININN N N << <)< << <] <)< < <[<|=<

X X x| x| x| >

44.2290 | -5.1697  -14.0680 | 44.3655 | -4.7079 | -14.4648 -0.1365 0.4618 -0.3968 0.6240 0.6240
54.2164 | -31.7429 -0.8990 | 54.2490 | -30.9262 | -1.2248  -0.0326 0.8167 -0.3258 0.8799 0.8167
53.8059 | -31.7591 = 1.5336 | 53.8586 | -31.2326 | 1.2329 = -0.0527 0.5265 -0.3007 | 0.6086 0.5265
59.3701 | -31.5298 -0.6222 | 59.3104 | -30.7345 | -0.9775 0.0597 0.7953 -0.3553 | 0.8731 0.7953

SIDE
PANEL
)

10 22.4226 | -33.5707  -10.6639 | 22.0350 | -34.3282 | -10.9841  0.3876 -0.7575 | -0.3202 0.9092 -0.7575

w
g & 1 35.0050 | -33.5802  -10.5253 | 34.6608 | -34.9051 | -10.9258  0.4342 -1.3249 | -0.4005 1.4506  -1.3249
O 12 42.8062 | -33.0873 | -10.0751 | 42.2924 | -33.6071 | -10.5080  0.5138 -0.5198 | -0.4329 | 0.8495 -0.5198
2 8 ~ 13 25.0771 | -33.7571  -2.0904 | 24.8462 | -34.0475 | -2.3966 0.2309 -0.2904 | -0.3062 0.4810  -0.2904
% 14 34.2080 | -33.6552  0.1882 | 33.9339 | -34.0566 | -0.2819 0.2741 -0.4014 | -0.4701 0.6762  -0.4014
= 15 421775 | -33.9202  -0.5130 | 41.8670 | -34.4631 | -0.8900 0.3105 -0.5429 | -0.3770 | 0.7303  -0.5429
16 20.7762 | -22.5602 -37.4913 | 29.5189 | -22.9312 | -37.8655  0.2573 -0.3710 | -0.3742 0.5864  -0.3742
17 30.2317 | -18.73556 | -37.7264 | 29.9513 | -19.1117 | -38.0458  0.2804 -0.3762 | -0.3194 | 0.5676 = -0.3194
18 30.4812 | -14.4400  -37.9244 | 30.2318 | -14.8743 | -38.1491  0.2494 -0.4343 | -0.2247 | 0.5489 @ -0.2247
19 30.5527 | -10.3168 @ -38.0394 | 30.3082 | -10.7746 | -38.1821  0.2445 -0.4578 | -0.1427 | 0.5383  -0.1427
20 30.4494 | -5.9623 -38.0890 | 30.2273 | -6.3595 | -38.1338  0.2221 -0.3972 | -0.0448 0.4573  -0.0448
Q 21 25.3627 | -22.2980  -38.1876 | 251702 | -22.6877 | -38.5167  0.1925 -0.3897 | -0.3201 0.5452  -0.3291
-3 22 25.4580 | -18.7447 -38.4743 | 252345 | -19.1355 | -38.7485  0.2235 -0.3908 | -0.2742 0.5271 -0.2742
g 23 25.8246 | -14.7029 -38.6689 | 25.5937 | -15.0748 | -38.8997  0.2309 -0.3719 | -0.2308 0.4949  -0.2308
8 24 25.8501 | -10.7111 | -38.7992 | 25.5982 | -11.0627 | -38.9776  0.2519 -0.3516 | -0.1784 | 0.4679  -0.1784

25 25.8342 | -6.5807 | -38.8402 | 25.5495 | -7.0374 | -38.8237 0.2847 | -0.4567 | 0.0165 0.5384 0.0165
26 22.1863 | -22.1944 | -38.5261 | 21.9413 | -22.5928 | -38.8436  0.2450 | -0.3984 | -0.3175 | 0.5653  -0.3175
27 22.1118 | -18.3933 | -38.8514 | 21.8505 | -18.7823 | -39.1266  0.2613 | -0.3890 | -0.2752 | 0.5434  -0.2752
28 22.5342 | -15.0632 | -39.0082 | 22.2703 | -15.4331 | -39.2625 0.2639 | -0.3699 | -0.2543 | 0.5207  -0.2543
29 22.0366 | -11.2181 -39.1952 | 21.7821 | -11.5839 | -39.4364 0.2545 | -0.3658 | -0.2412 | 0.5067  -0.2412
30 21.7356 | -7.8961 @ -39.2769 | 21.4792 | -8.2667 | -39.2436 _ 0.2564 | -0.3706 | 0.0333 0.4519 0.0333
31 54.7390 | -30.8184 | -22.4287 | 54.5725 | -30.1752 | -22.8641 = 0.1665 0.6432 | -0.4354 | 0.7944  0.6644
32 52.0289 | -30.4221 -24.4350 | 51.8699 | -20.8782 | -24.9012  0.1590 0.5439 | -0.4662 | 0.7338 0.5667
33 48.9077 | -29.8645 | -26.3467 | 48.7833 | -29.4993 | -26.8804  0.1244 0.3652 | -0.5337 | 0.6585 0.3858
34 45.0572 | -29.1227 -28.5727 | 44.9669 | -28.9665 | -29.1592  0.0903 0.1562 | -0.5865 | 0.6136 0.1804
35 42.0521 | -28.5332 | -30.1556 | 41.9081 | -28.5117 | -30.7440  0.1440 0.0215 | -0.5884 | 0.6061 0.1456
36 35.7557 | -27.4765 -32.7615 | 35.5814 | -27.7295 | -33.3193 0.1743 | -0.2530 | -0.5578 | 0.6368 0.1743
31 54.7390 | -30.8184 | -22.4287 | 54.5725 | -30.1752 | -22.8641  0.1665 0.6432 | -0.4354 | 0.7944 0.6432
32 52.0289 | -30.4221 -24.4350 | 51.8699 | -29.8782 | -24.9012 | 0.1590 0.5439 | -0.4662 | 0.7338 0.5439
48.9077 | -29.8645 -26.3467 | 48.7833 | -29.4993 | -26.8804  0.1244 0.3652 | -0.5337 | 0.6585 0.3652
34 45.0672 | -29.1227 | -28.5727 | 44.9669 | -28.9665 | -29.1592  0.0903 0.1562 | -0.5865 | 0.6136 0.1562
35 42.0521 | -28.5332 | -30.1556 | 41.9081 | -28.5117 | -30.7440 = 0.1440 0.0215 | -0.5884 | 0.6061 0.0215
36 35.7557 | -27.4765 -32.7615 | 35.5814 | -27.7295 | -33.3193 0.1743 | -0.2530 | -0.5578 | 0.6368  -0.2530
37 11.9920 | -27.1947 | -33.7373 | 11.8631 | -27.5170 | -33.9813  0.1289 | -0.3223 | -0.2440 | 0.4243 0.1289
38 16.2145 | -30.3285  -26.8770 | 16.1403 | -30.6542 | -27.0597  0.0742 | -0.3257 | -0.1827 | 0.3807 0.0742
39 13.3830 | -31.3496 -23.0136 | 13.2908 | -31.6497 | -23.2566 = 0.0922 | -0.3001 | -0.2430 | 0.3970 0.0922
40 17.65652 | -31.7582  -20.3128 | 17.6228 | -32.2577 | -20.5765 0.0324 | -0.4995 | -0.2637 | 0.5658 0.0324
37 11.9920 | -27.1947  -33.7373 | 11.8631 | -27.5170 | -33.9813  0.1289 | -0.3223 | -0.2440 | 04243  -0.3223
16.2145 | -30.3285 -26.8770 | 16.1403 | -30.6542 | -27.0597 0.0742 | -0.3257 | -0.1827 | 0.3807  -0.3257
39 13.3830 | -31.3496  -23.0136 | 13.2908 | -31.6497 | -23.2566  0.0922 | -0.3001 | -0.2430 | 0.3970  -0.3001
40 17.6652 | -31.7582  -20.3128 | 17.6228 | -32.25677 | -20.5765  0.0324 | -0.4995 | -0.2637 | 0.5658  -0.4995
* Positive values denote deformation as inward toward the occupant compartment, negative values denote deformations outward away from the occupant
compartment.

B Crush calculations that use multiple directional components will disregard components that are negative and only include positive values where the component is
deforming inward toward the occupant compartment.

© Direction for Crush column denotes which directions are included in the crush calculations. If "NA" then no intrusion is recorded, and Crush will be 0.
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Figure F-4. Interior Crush Deformation Data — Set 2, Test No. STBRT-1
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Date: 8/24/2020 Test Name: STBRT-1 VIN: kmhcn46c69u367008
Model Year: 2009 Make: Hyundai Model: Accent
Driver Side Maximum Deformations
Reference Set1 Reference Set 2
Maximum MASH Maximum MASH
Deformation™® Allowable Directions of Deformation™® Allowable Directions of
Location (in.) Deformation (in.)| Deformation™ Location (in.) Deformation (in.)| Deformation™
Roof 0.1 <4 Z Roof 0.0 <4 Z
Windshield® 2.1 <3 X Z Windshield® NA <3 X Z
A-Pillar Maximum 0.3 <5 XY, Z A-Pillar Maximum 0.7 <5 XY
A-Pillar Lateral 0.2 <3 Y A-Pillar Lateral 0.6 <3 Y
B-Pillar Maximum 0.2 <5 X Z B-Pillar Maximum 0.1 <5 X
B-Pillar Lateral 0.2 <3 Y B-Pillar Lateral 0.5 <3 Y
Toe Pan - Wheel Well 0.1 <9 X Toe Pan - Wheel Well 0.4 <9 X Z
Side Front Panel 0.6 <12 Y Side Front Panel 0.8 <12 Y
Side Door (above seat) -1.5 <9 Y Side Door (above seat) -1.3 <9 Y
Side Door (below seat) -0.7 <12 o 4 Side Door (below seat) -0.5 <12 Y
Floor Pan 0.1 <12 Z Floor Pan 0.5 <12 Z
Dash - no MASH requirement 0.6 NA XY Z Dash - no MASH requirement 0.6 NA XY Z

and recorded.

*ltems highlighted in red do notmeet MASH allowable deformations.
B Positive values denote deformation as inward toward the occupant compartment, negative values denote deformations outward away from the occupantcompartment.

CFor Toe Pan - Wheel Well the direction of defromation m ayinclude Xand Z direction. For A-Pillar Maximum and B-Pillar Maximum the direction of deformation may include X Y,
and Z directions. The direction of deformation for Toe Pan -Wheel Well, A-Pillar Maximum, and B-Pillar Maximum onlyinclude components where the deformation is positive and
intruding into the occupant compartment. If direction of deformation is "NA" then no intrusion is recorded and deformation will be 0.
PIf deformation is observered for the windshield then the windshield deformation is measured posttest with an examplar vehicle, therefore only one set of reference is measured

Notes on vehicle crush:

Figure F-5. Max. Occupant Compartment Deformations by Location, Test No. STBRT-1
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December 23, 2020
MwRSF Report No. TRP-03-411-20

Date: 8/28/2020 Test Name: STBRT-1 VIN: kmhcn46c69u367008
Model Year: 2009 Make: Hyundai Model: Accent
REF
I
| \_/ \
Gy Al 4 ‘
+ Gl | N . >
e S Yle—e— T 5T e
De Cs 4 = ;
e . U 5 )
! C, a 3
. _Crax — <
C S = / / i
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NOTE: Lateral distances to the driver side are

Distance from center of vehicle to center of contact damage -Dc: 24

Crush measurement spacing interval (L/5) - I:
Distance from center of vehicle to center of Field L -Dg.: 24

in. (mm)

Distance from C.G. to reference line -Lger: 74 5/8 (1895)

Total Width of Vehicle: 66 (1676)

Width of contact and induced crush -FieldL: 18 (457)
35/8 (92)

(610)

Width of Contact Damage: 18 (457)
(610)

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

NOTE: All values must be filled out above before crush measurements are filled out.

Ciush Measursiient Later.al Original Profile Dist. Be_tween Ref. Actial Grush
Location Measurement Lines

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

Cq 63/4 (171) 15 (381) 358 (92) 37/8 (98) - 3/4 -(19)

C; 73/4 (197) 18 5/8 (473) 43/8 (111) -112 -(13)

Cs 91/5 (233) 221/4 (565) 53/4 (146) -4/9 -(11)
Cs 12 (305) 257/18 (657) 77/8 (200) 1/4 (6)
Cs N/A NA 291/2 (749) 133/4 (349) NA NA
Cs N/A NA 331/8 (841) 197/8 (505) NA NA
Cmax 12 (305) 25 (635) 73/8 (187) 3/4 (19)

Figure F-6. Exterior Vehicle Crush (NASS) - Front, Test No. STBRT-1
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December 23, 2020
MwRSF Report No. TRP-03-411-20

Date:

Model Year:

8/28/2020 Test Name: STBRT-1 ) VIN:  kmhcn46c69u367008

2009 Make: Hyundai Model: Accent

in. (mm)
Distance from centerline to reference line - Lrer: 391/2  (1003)

Total Vehicle Length: 168 1/4 (4274)
Distance from vehicle c.g. to 1/2 of Vehicle total length: -125/8 -(321)

Width of contact and induced crush - Field L: 168 1/4  (4274)
Crush measurement spacing interval (L/5) -1: 33 5/8 (854)
Distance from vehicle c.g. to center of Field L - Dg.: -157/8  -(403)

Width of Contact Damage: 168 1/4 (4274)
Distance from vehicle c.g. to center of contactdamage -Dc: -157/8  -(403)

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 removed)
NOTE: All values must be filled out above before crush measurements are filled out.

Crush Longitudinal Original Profile Dist. Between

Measurement Location Measurement Ref. Lines Actual Crish

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

C4 N/A NA -100 -(2540) 36 (914) 3112 (89) NA NA
Cz NA NA -66 3/8 -(1686) 4 (102) NA NA
C; 73/4 (197) -323/4 -832) 33/8 (86) 7/8 (22)
Cs 83/4 (222) 7/8 (22) 31/4 (83) 2 (51)
Cs N/A NA 341/2  (876) 3172 (89) NA NA
Cs NA NA 681/8 (1730) 235/8 (600) NA NA
Cumax 101/4  (260) 14 3/4  (375) 31/4 (83) 3172 (89)

Figure F-7. Exterior Vehicle Crush (NASS) - Side, Test No. STBRT-1
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December 23, 2020
MwRSF Report No. TRP-03-411-20

Date: 9/22/2020 Test Name: STBRT-2 VIN: 1C6RR6FT9ES238613
Model Year: 2014 Make: Dodge Model: Ram 1500 Quad Cab
VEHICLE DEFORMATION
DRIVER SIDE FLOOR PAN - SET 1
Pre)t(est Pre\t(est Pre;est Posttest X Pos\t(test PosttestZ|  AX® AYA A TotalA | Crush® Dlrefztrlons
POINT {in) in) {in) (in.) {in) (in.) (in.) (in.) (in.) (in.) (in.) Crush®

1 57.7222 | -22.4783 | -2.1482 | 57.2549 | -22.1189 | -2.0935 | 0.4673 | 0.3594 | -0.0547 | 0.5921 0.4673
2 58.9884 | -19.0746 | -0.8223 | 58.5764 | -18.7658 | -0.7648 | 0.4120 | 0.3088 | -0.0575 | 0.5181 0.4120
3 59.2205 | -15.5699 | -0.4845 | 59.0776 | -15.3795 | -0.3354 | 0.1429 | 0.1904 | -0.1491 | 0.2809 | 0.1429
4 58.6744 | -10.3003 | -0.5678 | 58.5439 | -10.0122 | -0.3365 | 0.1305 | 0.2881 | -0.2313 | 0.3918 | 0.1305
5 55.9283 | -4.6685 | -1.7346 | 55.8727 | -4.4702 | -1.5538 | 0.0556 | 0.1983 | -0.1808 | 0.2740 | 0.0556
6
7
8
9

54.2006 | -23.9109 | 2.1900 53.4935 | -23.2746 | 2.1008 0.7071 0.6363 0.0892 0.9554 0.7127
54.1463 | -19.0590 | 2.2361 | 53.7553 | -18.6609 | 2.1523 0.3910 | 0.3981 0.0838 | 0.5643 | 0.3999
54.0653 | -14.2442 | 2.2844 | 53.8922 | -13.8977 | 2.5472 0.1731 0.3465 | -0.2628 | 0.4681 0.1731
54.1150 | -8.7859 | 2.2530 | 54.1037 | -8.4394 | 2.5031 0.0113 | 0.3465 | -0.2501 | 0.4275 | 0.0113
10 52.7552 | 4.0075 | -1.0263 | 52.6868 | -3.7438 | -0.8342 | 0.0684 | 0.2637 | -0.1921 | 0.3333 | 0.0684
11 47.9191 | -24.2377 | 5.1207 | 47.8992 | -23.7750 | 5.8099 0.0199 | 0.4627 | -0.6892 | 0.8304 | -0.6892
12 47.7495 | -19.0934 | 5.0725 47.7628 | -18.7272 | 5.6476 -0.0133 0.3662 -0.5751 0.6819 -0.5751
13 47.7369 | -14.5965 | 5.0860 | 47.7285 | -14.1821 | 5.4865 0.0084 | 0.4144 | -0.4005 | 0.5764 | -0.4005
14 47.8387 | 94217 | 51003 | 47.8075 | -9.0587 | 5.3273 0.0312 | 0.3630 | -0.2270 | 0.4293 | -0.2270
15 46.1846 | 4.4397 | 0.5500 | 46.1243 | 4.2043 | 0.7240 0.0603 | 0.2354 | -0.1740 | 0.2989 | -0.1740
16 44.1711 | -24.5310 | 5.1710 | 44.1481 | -24.0936 | 5.8227 0.0230 | 0.4374 | -0.6517 | 0.7852 | -0.6517
17 44.0780 | -18.8540 | 5.0985 | 44.0767 | -18.4927 | 5.6414 0.0013 | 0.3613 | -0.5429 | 0.6521 | -0.5429
18 43.8919 | -14.2521 | 5.1205 | 43.9147 | -13.8323 | 54951 | -0.0228 | 0.4198 | -0.3746 | 0.5631 | -0.3746
19 43.9520 | -8.8986 5.1392 439158 | -8.5199 5.3408 0.0362 0.3787 -0.2016 0.4305 -0.2016
20 42.8127 | 4.7389 | 1.2900 | 42.7683 | 4.4695 | 1.3673 0.0444 | 0.2694 | -0.0773 | 0.2838 | -0.0773
21 38.2428 | 24.3285 | 5.1853 | 38.2716 | -23.9835 | 5.7489 | -0.0288 | 0.3450 | -0.5636 | 0.6614 | -0.5636
22 38.0740 | -18.7248 | 5.1778 | 38.0715 | -18.4396 | 5.6567 0.0025 | 0.2852 | -0.4789 | 0.5574 | -0.4789
23 37.9489 | -13.9594 | 5.1949 | 37.9352 | -13.6427 | 5.4748 0.0137 | 0.3167 | -0.2799 | 0.4229 | -0.2799
24 37.9827 | -8.7621 | 5.2277 | 37.9472 | -8.4319 | 5.3628 0.0355 | 0.3302 | -0.1351 | 0.3585 | -0.1351
25 37.4955 | 48234 | 0.8767 | 37.4572 | -4.6028 | 1.0074 0.0383 | 0.2206 | -0.1307 | 0.2593 | -0.1307
26 32.7568 | -23.6803 | 4.4189 | 32.7732 | -23.3752 | 4.6720 | -0.0164 | 0.3051 -0.2531 | 0.3968 | -0.2531
27 32.6418 | -17.8509 | 4.4316 | 32.7048 | -17.5909 | 4.6316 | -0.0630 | 0.2600 | -0.2000 | 0.3340 | -0.2000
28 32.5114 | -13.0068 | 4.4577 | 32.5288 | -12.6801 | 4.5952 | -0.0174 { 0.3267 | -0.1375 | 0.3549 | -0.1375
29 32.5285 | -8.2196 | 4.4489 | 325139 | -7.8790 | 4.5174 0.0146 | 0.3406 | -0.0685 | 0.3477 | -0.0685
30 324292 | 47914 | 1.3750 | 32.3690 | 4.5925 | 1.4895 0.0602 | 0.1989 | -0.1145 | 0.2373 | -0.1145
A Positive values denote deformation as inward toward the occupant compartment, negative values denote deformations outward away from the occupant
compartment.

B Crush calculations that use multiple directional components will disregard components that are negative and only include positive values where the
component is deforming inward toward the occupant compartment.

© Direction for Crush column denotes which directions are included in the crush calculations. If "NA" then no intrusion is recorded, and Crush will be 0.

TOE PAN -
WHEEL WELL
X.2)

FLOOR PAN
@)

NNNNNNNNNNNNNNNNNNNN><><><§§><><)<><><

Pretest Floor Pan Posttest Floor Pan

Figure F-8. Floor Pan Deformation Data — Set 1, Test No. STBRT-2
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December 23, 2020
MwRSF Report No. TRP-03-411-20

Date: 9/22/2020 Test Name: STBRT-2 VIN: 1C6RR6FTIES238613
Model Year: 2014 Make: Dodge Model: Ram 1500 Quad Cab
VEHICLE DEFORMATION
DRIVER SIDE FLOOR PAN - SET 2
Directi
Pre)t(est Pre;est Preéest Posttest X Pos;test Posttest z|  AX* AVA A TotalA | Crush® re;; rmns
POINT | (in) (in.) (i) (in) @y | ™ (n.) (in.) (in.) ) ] )| cpyene
1 58.9641 | 42.4677 | 6.2105 | 58.4970 | 42.3306 | 6.2802 | 0.4671 0.1371 0.0697 | 0.4918 | 04723 X Z
2 60.2751 | -39.0868 | 4.8700 | 59.8633 | -39.0053 | 4.9272 | 0.4118 | 0.0815 | 0.0572 | 0.4237 | 0.4158 X Z
el 3 60.5558 | -35.5869 | 4.5197 | 60.4113 | -35.6293 | 4.4747 | 0.1445 | -0.0424 | -0.0450 | 0.1572 | 0.1445 X
z O — 4 60.0844 | -30.3099 | 4.5862 | 59.9532 | -30.2551 | 44413 | 0.1312 | 0.0548 | -0.1449 | 0.2030 | 0.1312 X
§ E M D 57.4210 | -24.6359 | -5.7403 | 57.3625 | -24.6681 | -5.6265 0.0585 -0.0322 | -0.1138 0.1319 0.0585 X
W u X 6 55.4122 | -43.8651 | -1.8856 | 54.7123 | 43.4607 | -2.1000 | 0.6999 | 0.4044 | 0.2144 | 0.8363 | 0.7320 Xz
[ 7 55.4263 | -39.0131 | -1.8230 | 55.0390 | -38.8516 | -2.0176 | 0.3873 | 0.1615 | 0.1946 | 0.4626 | 0.4334 XZ
= 8 55.4131 | -34.1978 | -1.7585 | 55.2422 | -34.0935 | -1.5911 | 0.1709 | 0.1043 | -0.1674 | 0.2610 | 0.1709
9 55.5401 | -28.7407 | -1.7712 | 55.5306 | -28.6386 ; -1.5989 | 0.0095 | 0.1021 | -0.1723 | 0.2005 | 0.0095

10 54.2558 | -23.9325 | -5.0373 | 54.1858 | -23.9017 | 4.9075 | 0.0700 | 0.0308 | -0.1298 | 0.1507 0.0700
11 49.1196 | 44.1130 | 1.0290 | 49.1050 | -43.9066 | 1.5964 0.0146 | 0.2064 | -0.5674 | 0.6040 | -0.5674
12 49.0227 | -38.9666 | 0.9980 | 49.0399 | -38.8564 | 1.4671 | -0.0172 | 0.1102 | -0.4691 | 0.4822 | -0.4691
13 49.0736 | -34.4701 | 1.0269 | 49.0699 | -34.3104 | 1.3359 0.0037 | 0.1597 | -0.3090 : 0.3478 | -0.3090
14 49.2485 | -29.2974 | 1.0590 | 49.2212 | -29.1876 | 1.2106 0.0273 | 0.1098 | -0.1516 | 0.1892 | -0.1516
15 47 6760 | -24.2771 | -3.4781 | 47.6147 | -24.2799 | -3.3634 0.0613 -0.0028 | -0.1147 0.1301 -0.1147
16 453677 | 443534 | 1.0694 | 453497 | 44.1724 | 1.6008 0.0180 | 0.1810 | -0.5314 | 0.5617 | -0.5314
17 45.3550 | -38.6755 | 1.0162 45.3575 | -38.5700 | 1.4563 -0.0025 0.1055 -0.4401 0.4526 -0.4401
18 452338 | -34.0715 | 1.0534 | 452614 | -33.9069 | 1.3404 | -0.0276 | 0.1646 | -0.2870 | 0.3320 | -0.2870
19 45.3695 | -28.7195 { 1.0905 | 45.3375 | -28.5942 | 1.2211 0.0320 | 0.1253 | -0.1306 | 0.1838 | -0.1306
20 442984 | 245312 | -2.7471 | 442542 | -24.5020 | 2.7276 | 0.0442 | 0.0292 | -0.0195 | 0.0564 | -0.0195
21 39.4428 | 44.0672 | 1.0704 | 39.4756 | 43.9790 | 1.5178 | -0.0328 | 0.0882 | -0.4474 | 0.4572 | -0.4474
22 39.3532 | -38.4618 | 1.0816 | 39.3536 | -38.4325 | 1.4619 | -0.0004 | 0.0293 | -0.3803 | 0.3814 | -0.3803
23 39.2954 | -33.6951 | 1.1147 | 39.2852 | -33.6330 ; 1.3113 0.0102 | 0.0621 | -0.1966 | 0.2064 | -0.1966
24 39.4025 | -28.4989 | 1.1654 | 39.3707 | -28.4222 | 1.2336 0.0318 | 0.0767 | -0.0682 | 0.1074 | -0.0682
25 38.9815 | -24.5391 | -3.1734 | 38.9424 | -24.5581 | -3.0972 | 0.0391 | -0.0190 | -0.0762 ; 0.0877 | -0.0762
26 33.9684 | 43.3390 | 0.2932 | 33.9882 | 43.2864 | 0.4357 | -0.0198 | 0.0526 | -0.1425 | 0.1532 | -0.1425
27 33.9357 | -37.5086 | 0.3255 | 34.0013 | -37.5014 | 0.4333 | -0.0656 | 0.0072 | -0.1078 | 0.1264 | -0.1078
28 33.8737 | -32.6633 | 0.3679 | 33.8944 | -32.5885 | 0.4290 | -0.0207 | 0.0748 | -0.0611 | 0.0988 | -0.0611
29 33.9585 | -27.8768 | 0.3754 | 33.9473 | -27.7873 | 0.3828 0.0112 | 0.0895 | -0.0074 { 0.0905 | -0.0074
30 33.9151 | -24.4372 | -2.6870 | 33.8540 | -24.4793 | -2.6236 0.0611 -0.0421 -0.0634 0.0976 -0.0634
A Positive values denote deformation as inward toward the occupant compartment, negative values denote deformations outward away from the occupant
compartment.

B Crush calculations that use multiple directional components will disregard components that are negative and only include positive values where the
component is deforming inward toward the occupant compartment.

© Direction for Crush column denotes which directions are included in the crush calculations. If "NA" then no intrusion is recorded, and Crush will be 0.
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Figure F-9. Floor Pan Deformation Data — Set 2, Test No. STBRT-2
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December 23, 2020
MwRSF Report No. TRP-03-411-20

Test Name: STBRT-2 VIN: 1C6RR6FTOES238613
Model Year: 2014 Make: Dodge Model: Ram 1500 Quad Cab
VEHICLE DEFORMATION
DRIVER SIDE INTERIOR CRUSH - SET 1
Pre;eSt Pre\‘(eS' PreZtESt Posttest X Posttest Y| Posttest Z  Ax* NG azh Total A | Crush® Dlrefztrlons
POINT | (in) (in) (in) (in) (@in) (in) (in) (in.) {in:) (in) ) 1 Grush®
1 44.7943 | -25.5194 | -26.7423 | 44.7566 | -25.1076 | -26.6690 | 0.0377 0.4118 0.0733 0.4200 0.4200 XY Z
— 2 41.3286 | -13.8267 | -29.6817 | 41.4067 | -13.3973 | -29.6573 | -0.0771 0.4294 0.0244 0.4369 0.4369 XY, Z
(3,:): 3 43.4547 | 3.5109 | -27.8708 | 43.6974 | 3.9255 | -27.9271 | -0.2427  -0.4146 | -0.0563 | 0.4837 0.4837 XY Z
g % 4 40.2527 | -25.0599 | -16.2534 | 40.1967 | -24.4403 | -16.1907 | 0.0560 0.6196 0.0627 0.6253 0.6253 XKY,Z
: 3 5 38.2248 | -14.2603 | -15.6618 | 38.2107 | -13.6790 | -15.6506 | 0.0141 0.5813 0.0112 0.5816 0.5816 XY, Z
6 36.8454 | 4.4709 | -16.7907 | 37.0307 | 4.9768 | -16.8705 | -0.1853  -0.5059 | -0.0798 | 0.5446 0.5446 XY Z
wm 7 49.0428 | -27.7458 | -2.1969 | 48.9883 | -25.9191 | -1.9420 | 0.0545 1.8267 0.2549 1.8452 1.8267 Y
=] § & 8 51.7873 | -27.6273 | -0.8357 | 51.7468 | -26.4597 | -0.7131 0.0405 1.1676 0.1226 1.1747 1.1676 Y
Dg 9 52.0463 | -27.8069 | -4.2682 | 51.9809 | -26.1790 | -4.1942 0.0654 1.6279 0.0740 1.6309 1.6279 Y
w 10 18.3548 | -30.7730 | -16.0679 | 17.7941 | -31.2478 | -16.0794 | 0.5607 -0.4748 | -0.0115 | 0.7348 | -0.4748 Y
% & 11 29.7133 | -31.0263 | -15.7576 | 29.1180 | -30.9384 | -15.9862 | 0.5953 0.0879 | -0.2286 | 0.6437 0.0879 Y
O 12 36.6057 | -30.1765 | -15.2744 | 36.0185 | -29.5949 | -15.6562 | 0.5872 0.5816 | -0.3818 | 0.9104 0.5816 Y
(Zz) 8 = 13 18.2492 | -30.2937 | -2.4419 | 17.8774 | -30.4980 | -2.4253 | 0.3718  -0.2043 | 0.0166 0.4246 | -0.2043 Y
% 14 27.8184 | -31.0621 | -2.8867 | 27.4879 | -31.1784 | -3.0354 | 0.3305 -0.1163 | -0.1487 | 0.3806 | -0.1163 Y
= 15 35.9511 | -30.5065 | -3.1760 | 35.5356 | -30.2981 | -3.5266 | 0.4155 0.2084 | -0.3506 | 0.5822 0.2084 Y
16 26.2264 | -16.5087 | -45.1174 | 26.3488 | -16.5336 | -45.1327 | -0.1224  -0.0249 | -0.0153 | 0.1258 | -0.0153 Z
17 27.6867 | -10.1813 | -45.3916 | 27.7840 | -10.1609 | -45.4220 | -0.0973  0.0204 | -0.0304 | 0.1040 | -0.0304 z
18 28.4419 | -3.8030 | -45.5801 | 28.4986 | -3.8033 | -45.6292 | -0.0567  -0.0003 | -0.0491 0.0750 | -0.0491 z
19 29.0228 | 2.2933 | -45.6074 | 29.1500 | 2.2701 | -45.6483 | -0.1272  0.0232 | -0.0409 | 0.1356 | -0.0409 Z
20 28.9618 | 8.0091 | -45.5966 | 29.0644 | 8.0147 | -45.6483 | -0.1026  -0.0056 | -0.0517 | 0.1160 | -0.0517 Z
< 21 20.1432 | -15.8230 | -45.9652 | 20.1495 | -15.8111 | -45.9907 | -0.0063  0.0119 | -0.0255 | 0.0288 | -0.0255 Z
= 22 21.4378 | -9.0336 | -46.2363 | 21.5253 | -9.0940 | -46.2666 | -0.0875 -0.0604 | -0.0303 | 0.1106 | -0.0303 z
I-OI- 23 22.0233 | -3.5251 | -46.4764 | 22.1467 | -3.5425 | -46.5233 | -0.1234  -0.0174 | -0.0469 | 0.1332 | -0.0469 Y4
o 24 22.5354 | 2.0963 | -46.5381 | 22.6405 | 2.0355 | -46.5984 | -0.1051 0.0608 | -0.0603 | 0.1356 | -0.0603 z
£« 25 22.8890 | 7.5532 | -46.4953 | 23.0024 | 7.5562 | -46.5640 | -0.1134  -0.0030 | -0.0687 | 0.1326 | -0.0687 Z
26 12.4536 | -15.7544 | -46.3695 | 12.6078 | -15.7497 | -46.3900 | -0.1542  0.0047 | -0.0205 | 0.1556 | -0.0205 Y4
27 12.4747 | -9.5681 | -46.7381 | 12.5712 | -9.6243 | -46.7738 | -0.0965 -0.0562 | -0.0357 | 0.1172 | -0.0357 Z
28 12.8898 | -2.4109 | -46.9103 | 13.0438 | -2.4360 | -46.9658 | -0.1540  -0.0251 | -0.0555 | 0.1656 | -0.0555 Z
29 134204 | 1.9233 | -47.0321 | 13.5699 | 1.8644 | -47.0982 | -0.1495 0.0589 | -0.0661 | 0.1737 | -0.0661 z
30 13.3879 | 7.7196 | -47.0226 | 13.5809 | 7.7359 | -47.1053 | -0.1930 -0.0163 | -0.0827 | 0.2106 | -0.0827 Z
31 47.0777 | -26.0110 | -29.8539 | 47.2151 | -25.8424 | -29.8127 | -0.1374  0.1686 0.0412 0.2214 0.1736 Y. Z
% g g 32 43.1356 | -24.9353 | -32.6026 | 43.2849 | -24.8172 | -32.5769 | -0.1493  0.1181 0.0257 0.1921 0.1209 Y2
JE 33 39.7963 | -24.2260 | -34.9352 | 39.9735 | -24.1652 | -34.9723 | -0.1772  0.0608 | -0.0371 0.1910 0.0608 Y
o X 34 36.6738 | -23.5748 | -37.0020 | 36.8205 | -23.4891 | -37.0295 | -0.1467  0.0857 | -0.0275 | 0.1721 0.0857 Y
<=~ 35 33.0305 | -23.0957 | -39.1498 | 33.2713 | -23.0619 | -39.1620 | -0.2408  0.0338 | -0.0122 | 0.2435 0.0338 Y
36 30.2982 | -21.7922 | -41.4069 | 30.4750 | -21.7752 | -41.4196 | -0.1768  0.0170 | -0.0127 | 0.1781 0.0170 Y
31 47.0777 | -26.0110 | -29.8539 | 47.2151 | -25.8424 | -29.8127 | -0.1374  0.1686 0.0412 0.2214 0.1686 Y
g(: s 32 43.1356 | -24.9353 | -32.6026 | 43.2849 | -24.8172 | -32.5769 | -0.1493  0.1181 0.0257 0.1921 0.1181 Y
=i 33 39.7963 | -24.2260 | -34.9352 | 39.9735 | -24.1652 | -34.9723 | -0.1772 0.0608 -0.0371 0.1910 0.0608 Y
oo 34 36.6738 | -23.5748 | -37.0020 | 36.8205 | -23.4891 | -37.0295 | -0.1467  0.0857 | -0.0275 | 0.1721 0.0857 Y
<8 35 33.0305 | -23.0957 | -39.1498 | 33.2713 | -23.0619 | -39.1620 | -0.2408  0.0338 | -0.0122 | 0.2435 0.0338 Y
36 30.2982 | -21.7922 | -41.4069 | 30.4750 | -21.7752 | -41.4196 | -0.1768  0.0170 | -0.0127 | 0.1781 0.0170 Y
% gQ 37 4.3937 | -23.0996 | -40.8050 | 4.4786 | -23.0585 | -40.7198 | -0.0849  0.0411 0.0852 0.1271 0.0946 Y. Z
JEo 38 8.1045 | -25.8486 | -33.2139 | 8.0748 | -25.7656 | -33.1533 | 0.0297 0.0830 0.0606 0.1070 0.1070 XY,z
&8 39 5.2701 | -27.0596 | -28.9675 | 5.3259 | -26.9247 | -28.9175 | -0.0558  0.1349 0.0500 0.1543 0.1439 Yol
o= 40 8.9739 | -27.5905  -23.9149 | 9.0370 | -27.4627 | -23.8506 | -0.0631 0.1278 0.0643 0.1564 0.1431 Y. i Z
% = 37 4.3937 | -23.0996 | -40.8050 | 4.4786 | -23.0585 | -40.7198 | -0.0849  0.0411 0.0852 0.1271 0.0411 Y
4% 38 8.1045 | -25.8486 | -33.2139 | 8.0748 | -25.7656 | -33.1533 | 0.0297 0.0830 0.0606 0.1070 0.0830 Y
] 39 5.2701 | -27.0596 | -28.9675 | 5.3259 | -26.9247 | -28.9175 | -0.0558  0.1349 0.0500 0.1543 0.1349 Y
b 9 40 8.9739 | -27.5905 | -23.9149 | 9.0370 | -27.4627 | -23.8506 | -0.0631 0.1278 0.0643 0.1564 0.1278 Y
A Positive values denote deformation as inward toward the occupant compartment, negative values denote deformations outward away from the occupant
compartment.
B Crush calculations that use multiple directional components will disregard components that are negative and only include positive values where the component is
deforming inward toward the occupant compartment.
© Direction for Crush column denotes which directions are included in the crush calculations. If "NA" then no intrusion is recorded, and Crush will be 0.

Figure F-10. Interior Crush Deformation Data — Set 1, Test No. STBRT-2
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Test Name: STBRT-2 VIN: 1C6RR6FTIES238613
Model Year: 2014 Make: Dodge Model: Ram 1500 Quad Cab
VEHICLE DEFORMATION
DRIVER SIDE INTERIOR CRUSH - SET 2
Pre;es' Pre;eSt Prezlem Posttest X | Posttest Y | Posttest | Ax* AYA AZ* | Totala | Crush® D're;tons
POINT (in) (in) (in) (in.) (in.) (in.) (in.) (in.) (in.) (in.) (in.) Crush®
1 46.0656 | -45.2535 | -30.8309 | 46.0427 | -44.9479 | -30.8798  0.0229 0.3056 -0.0489 0.3103 0.3103 XYL Z
— 2 42.7727 | -33.5047 | -33.7450 | 42.8602 | -33.1726 | -33.7957 -0.0875 | 0.3321 -0.0507 | 0.3472 0.3472 XY Z
% >N_— 3 45.1376 | -16.2041 | -31.8775 | 45.3819 | -15.8949 | -31.9378 = -0.2443 0.3092 -0.0603 0.3987 0.3987 X Y52
g < 4 41.5026 | -44.7607 | -20.3529 | 41.4613 | -44.2915 | -20.4103  0.0413 0.4692 -0.0574 0.4745 0.4745 XY, Z
- 5 39.6253 | -33.9353 | -19.7348 | 39.6201 | -33.5082 | -19.8006  0.0052 0.4271 -0.0658 0.4322 0.4322 X Y. 2
6 38.56126 | -15.1834 | -20.8122 | 38.6973 | -14.8300 | -20.8932  -0.1847 0.3534 -0.0810 0.4069 0.4069 XY, Z
wig T ~ 50.2161 | -47.6109 | -6.2810 | 50.1895 | -45.9889 | -6.1471 = 0.0266 1.6220 0.1339 1.6277 1.6220 Y
o E > 8 52.9584 | -47.5349 | -4.9122 | 52.9368 | -46.5756 | -4.9140 0.0216 0.9593 -0.0018 0.9595 0.9593 Y
LA 9 53.2241 | -47.7082 | -8.3445 | 53.1850 | -46.2739 | -8.3924 0.0391 1.4343 -0.0479 1.4356 1.4343 Y
w 10 19.56261 | -50.1655 | -20.2423 | 18.9680 | -50.7941 | -20.4112  0.5581 -0.6286 | -0.1689 0.8574 -0.6286 Y
% x 11 30.8791 | -50.5796 | -19.9026 | 30.2946 | -50.6395 | -20.2831 0.5845 -0.0599 | -0.3805 0.7000 -0.0599 Y
=0 12 37.7815 | -49.8282 | -19.3986 | 37.2118 | -49.3923 | -19.9239  0.5697 0.4359 -0.5253 0.8891 0.4359 Y
2 8 s 13 19.3905 | -49.7244 | -6.6153 | 19.0208 | -50.1405 @ -6.7519 0.3697 -0.4161 -0.1366 0.5731 -0.4161 Y
% 14 28.9492 | -50.6261 | -7.0369 | 28.6229 | -50.9475 | -7.3391 0.3263 -0.3214 | -0.3022 0.5487 -0.3214 Y
= 15 37.0896 | -50.1842 | -7.3029 | 36.6834 | -50.1733 | -7.8010 0.4062 0.0109 -0.4981 0.6428 0.0109 Y
16 27.6759 | -35.9290 | -49.2287 | 27.8081 | -35.9959 | -49.3360 -0.1322 | -0.0669 | -0.1073 | 0.1829 | -0.1073 4
17 29.2269 | -29.6220 | -49.4803 | 29.3307 | -29.6415 | -49.5765 -0.1048 | -0.0195 | -0.0962 | 0.1436 | -0.0962 z
18 30.0712 | -23.2545 | -49.6481 | 30.1322 | -23.2928 | -49.7371  -0.0610 -0.0383 -0.0890 0.1145 -0.0890 z
19 ~ 30.7379 | -17.1669 | -49.6559 | 30.8661 | -17.2289 | -49.7119  -0.1282 | -0.0620 | -0.0560 0.1530 -0.0560 | Z,
20 30.7572 | -11.4508 | -49.6284 | 30.8586 | -11.4837 | -49.6719 -0.1014 | -0.0329 | -0.0435 0.1151 -0.0435 Z
& 21 21.6053 | -35.1553 | -50.0907 | 21.6218 | -35.1831 | -50.2068 -0.0165 | -0.0278 | -0.1161 0.1205 | -0.1161 z
= 22 22.9960 | -28.3841 | -50.3383 | 23.0895 | -28.4836 | -50.4317 -0.0935 | -0.0995 | -0.0934 | 0.1654 | -0.0934 Z
(I-S 23 23.6596 | -22.8836 | -50.5607 | 23.7872 | -22.9394 | -50.6477 -0.1276 | -0.0568 | -0.0870 0.1642 -0.0870 Z
o 24 24.2509 | -17.2699 | -50.6044 | 24.3568 | -17.3682 | -50.6823  -0.1059 -0.0983 -0.0779 0.1642 -0.0779 Z
Ix 25 246811 | -11.8186 | -50.5446 | 24.7936 | -11.8534 | -50.6083 -0.1125 | -0.0348 | -0.0637 0.1339 -0.0637 | Z
26 13.9186 | -34.9774 | -50.5151 | 14.0829 | -35.0162 | -50.6274 -0.1643 | -0.0388 | -0.1123 | 0.2028 | -0.1123 | Z
27 14.0277 | -28.7909 | -50.8655 | 14.1306 | -28.8884 | -50.9684 -0.1029 | -0.0975 | -0.1029 | 0.1752 | -0.1029 Z
28 14.5438 | -21.6398 | -51.0155 | 14.7014 | -21.7061 | -51.1087 -0.1576 | -0.0663 | -0.0932 0.1947 -0.0932 Z
29 15.1368 | -17.3132 | -51.1232 | 15.2863 | -17.4124 | -51.2094 -0.1505 | -0.0992 | -0.0862 0.1998 -0.0862 Z
30 15.1847 | -11.5171 | -51.0966 | 15.3771 | -11.5417 | -51.1754  -0.1924 | -0.0246 | -0.0788 | 0.2094 | -0.0788 4
31 48.3503 | -45.7681 | -33.9379 | 48.5004 | -45.6941 | -34.0215  -0.1501 0.0740 -0.0836 0.1871 0.0740 Y
% g T 32 44.4311 | -44.6291 | -36.6938 | 44.5927 | -44.5963 | -36.7898 -0.1616 0.0328 -0.0960 0.1908 0.0328 Y
JEs | 88 411084 | 438661 | -30.0332 | 41.2076 | -43.8827 | -30.1901 -0.1892 | -0.0166 | -0.1569 | 0.2464 | 00000 | NA
o3 34 38.0010 | -43.1650 | -41.1064 | 38.1602 | -43.1494 | -41.2516  -0.1592 0.0156 -0.1452 0.2160 0.0156 Y
<=2 35 34.3706 | -42.6285 | -43.2625 | 34.6235 | -42.6591 | -43.3912 -0.2529 | -0.0306 | -0.1287 0.2854 0.0000 NA
36 31.6631 | -41.2800 | -45.5229 | 31.8517 | -41.3188  -45.6478 -0.1886 | -0.0388 | -0.1249 | 0.2295 0.0000 NA
31 48.3503 | -45.7681 | -33.9379 | 48.5004 | -45.6941 | -34.0215  -0.1501 0.0740 -0.0836 0.1871 0.0740 Y
% 2-': 32 444311 | -44.6291 | -36.6938 | 44.5927 | -44.5963 | -36.7898 -0.1616 0.0328 -0.0960 0.1908 0.0328 Y
4B 33 41.1084 | -43.8661 | -39.0332 | 41.2976 | -43.8827 | -39.1901 -0.1892 | -0.0166 | -0.1569 0.2464 -0.0166 Y
e 34 38.0010 | -43.1650 | -41.1064 | 38.1602 | -43.1494 | -41.2516  -0.1592 0.0156 -0.1452 0.2160 0.0156 Y
<8 35 34.3706 | -42.6285 | -43.2625 | 34.6235 | -42.6591 | -43.3912 -0.2529 | -0.0306 | -0.1287 | 0.2854 | -0.0306 Y
36 31.6631 | -41.2800 | -45.5229 | 31.8517 | -41.3188 | -45.6478 -0.1886 | -0.0388 | -0.1249 0.2295 -0.0388 Y
9(: £ g 37 5.7412 | -42.2245 | -44.9938 | 5.8382 | -42.2531 | -45.0319  -0.0970 | -0.0286 | -0.0381 0.1081 0.0000 NA
- g & 38 9.3925 | -45.0475 | -37.4009 | 9.3749 | -45.0614 | -37.4741 0.0176 -0.0139 -0.0732 0.0766 0.0176 X
Er 5 5& 39 6.5299 | -46.2308 | -33.1657 | 6.5979 | -46.2124 | -33.2545 -0.0680 0.0184 -0.0888 0.1133 0.0184 Y
m = 40 10.2121 | -46.8285 | -28.1048 | 10.2863 | -46.8361 | -28.1808  -0.0742 -0.0076 -0.0760 0.1065 0.0000 NA
Q<: s 37 57412 | -42.2245 | -44.9938 | 58382 | -42.2531 | -45.0319  -0.0970 | -0.0286 | -0.0381 0.1081 -0.0286 | Y
- ® 38 9.3925 | -45.0475 | -37.4009 | 9.3749 | -45.0614 | -37.4741 0.0176 -0.0139 | -0.0732 0.0766 -0.0139 Y
g8 39 6.5299 | -46.2308 | -33.1657 | 6.5079 | -46.2124 | -33.2545 -0.0680 0.0184 -0.0888 0.1133 0.0184 Y
a8 40 10.2121 | -46.8285 | -28.1048 | 10.2863 | -46.8361 | -28.1808 -0.0742 | -0.0076 | -0.0760 | 0.1065 | -0.0076 Y
* Positive values denote deformation as inward toward the occupant compartment, negative values denote deformations outward away from the occupant
compartment.
B Crush calculations that use multiple directional components will disregard components that are negative and only include positive values where the component is
deforming inward toward the occupant compartment.
© Direction for Crush column denotes which directions are included in the crush calculations. If "NA" then no intrusion is recorded, and Crush will be 0.

Figure F-11. Interior Crush Deformation Data — Set 2, Test No. STBRT-2
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Date: 9/22/2020 Test Name: STBRT-2 VIN: 1CORR6EFTOES238613
Model Year: 2014 Make: Dodge Model: Ram 1500 Quad Cab
Driver Side Maximum Deformation
Reference Set 1 Reference Set 2
Maximum MASH Maximum MASH
Deformation™® Allowable Directions of Deformation™® Allowable Directions of
Location (in.) Deformation (in.)| Deformation® Location (in.) Deformation (in.)| Deformation®
Roof -0.1 <4 Z Roof 0.1 <4 Z
Windshield® 0.0 <3 XZ Windshield® NA <3 X Z
A-Pillar Maximum 0.2 <5 Yo Z A-Pillar Maximum 0.1 <5 Y
A-Pillar Lateral 0.2 8 Y A-Pillar Lateral 0.1 <3 Y
B-Pillar Maximum 0.1 <5 Y.L B-Pillar Maximum 0.0 D i
B-Pillar Lateral 0.2 <3 Y B-Pillar Lateral 0.0 <3 0 id
Toe Pan - Wheel Well 0.7 <9 X Z Toe Pan - Wheel Well 0.7 <9 X Z
Side Front Panel 1.8 <12 Y Side Front Panel 1.6 <12 Y
Side Door (above seat) 0.6 <9 Y Side Door (above seat) 0.4 <9 W
Side Door (below seat) 0.2 <12 X Side Door (below seat) 0.0 <12 X
Floor Pan 0.7 <12 Z Floor Pan -0.6 <12 Z
Dash - no MASH requirement 0.6 NA XNZ Dash - no MASH requirement 0.6 NA XX Z

“ltems highlighted in red do not meet MASH allowable deformations.

Epositive values denote deformation as inward toward the occupant compartment, negative values denote deformations outward awayfrom the occupantcompartment.

©For Toe Pan - Wheel Well the direction of defromation mayinclude X and Z direction. For A-Pillar Maximum and B-Pillar Maximum the direction of deformation mayinclude X, Y,
and Z directions. The direction of deformation for Toe Pan -Wheel Well, A-Pillar Maximum, and B-Pillar Maximum onlyinclude components where the deformation is positive and
infruding into the occupant compartment. If direction of deformation is "NA" then no intrusion is recorded and deformation will be 0.
Pf deformation is observered for the windshield then the windshield deformation is measured posttest with an examplar vehicle, therefore only one set of reference is measured

and recorded.

Notes on vehicle interior crush:

Figure F-12. Max. Occupant Compartment Deformations by Location, Test No. STBRT-2
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Date Measured: 9/30/2020 Test Name: STBRT-2 VIN: 1C6RR6FT9ES238613

Model Year: 2014 Make: Dodge Model: _ Ram 1500 Quad Cab

NOTE: Lateral distances to the drive

ide are negative

in. (mm)

Distance from C.G. to reference line - Lrer: 109 5/8 (2784)

Total Vehicle Width: 76 3/4  (1949)
Width of contact and induced crush - Field L: 36 3/8 (924)

Crush measurement spacing interval (L/5) -1: 7 1/4 (184)
Distance from center of vehicle to center of Field L - D¢ . 21 1/5 (538)

Width of Contact Damage: 237/8 (606)
Distance from center of vehicle to center of contact damage - Dc: 26 4/9 (672)

NOTE: Enter "NA" for crush measurement if distance can not be measured (i.e., side of vehicle has been pushed inward)
NOTE: All values must be filled out above before crush measurements are filled out.

Original Profile Dist. Between

Crush Measurement Lateral Location Measurement Ref. Lines Actual Crush
in. (mm) in. (mm) in. (mm) in. (mm) in. (mm)

C, 7112 (191) 3 (76) 4 (102) 45/8 (117) -11/8 -(29)
C; 9 3/4 (248) 101/4  (260) 43/8 (111) 3/4 (19)
Cs 181/2  (470) 17112 (445) 51/4 (133) 85/8 (219)
Cs NA N/A 243/4  (629) 6 5/8 (168) N/A N/A
Cs NA N/A 32 (813) 107/8  (276) N/A N/A
Cs NA N/A 391/4  (997) 20172  (521) N/A N/A
Cmax 301/2 (775) 24 (610) 6 3/8 (162) 191/2  (495)

Figure F-13. Exterior Vehicle Crush (NASS) - Front, Test No. STBRT-2
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Date Measured: 9/30/2020 Test Name: STBRT-2 VIN: 1C6RR6FT9ES238613
Model Year: 2014 Make: Dodge Model: Ram 1500 Quad Cab
+

in. (mm)
Distance from centerline to reference line - Lger: 46 (1168)

Total Vehicle Length: 229 1/4  (5823)
Distance from vehicle c.g. to 1/2 of Vehicle total length: -51/4  -(133)

Width of contact and induced crush - Field L: 2291/4 (5823)
Crush measurement spacing interval (L/5)-1: 457/8 (1165)
Distance from vehicle c.g. to center of Field L - Dg @ -131/4  -(337)

Width of Contact Damage: _2291/4 (5823)
Distance from vehicle c.g. to center of contact damage -D¢: -131/4  -(337)

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 removed)
NOTE: All values must be filed out above before crush measurements are filled out.

Longitudinal Original Profile Dist. Between

Crush Measurement Location Measurement Ref. Lines Actual Crush
in. (mm) in. (mm) in. (mm) in. (mm) in. (mm)

Cq 14 1/4 (362) -127 718 43248) 3312 (851) 2 (51) -211/4 {540)
C, NA N/A -82 -(2083) 5112 (140) N/A N/A
Cs 75/8 (194) -361/8 -(918) 53/4 (146) -1/8 «3)
C, 7318 (187) 9 3/4 (248) 5 127 3/8 (10)
Cs NA NA 555/8 (1413) 53/4 146 N/A N/A
Cs NA NA 1011/2 (2578) 10 1/8 257 N/A N/A
Cmax 28 3/8 (721) 94 (2388) 61/2 (165) 197/8 (505)

Figure F-14. Exterior Vehicle Crush (NASS) - Side, Test No. STBRT-2
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Appendix G. Accelerometer and Rate Transducer Data Plots, Test No. STBRT-1
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Figure G-1
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Figure G-2. Longitudinal Occupant Impact Velocity (SLICE-1), Test No. STBRT-1
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Longitudinal Change in Displacement - SLICE-1
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Figure G-3. Longitudinal Occupant Displacement (SLICE-1), Test No. STBRT-1
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Figure G-4. 10-ms Average Lateral Deceleration (SLICE-1), Test No. STBRT-1
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Figure G-5. Lateral Occupant Impact Velocity (SLICE-1), Test No. STBRT-1
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Figure G-6. Lateral Occupant Displacement (SLICE-1), Test No. STBRT-1
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Euler Angular Displacements - SLICE-1
STBRT-1
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Figure G-7. Vehicle Angular Displacements (SLICE-1), Test No. STBRT-1
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Figure G-8. Acceleration Severity Index (SLICE-1), Test No. STBRT-1
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Figure G-10. Longitudinal Occupant Impact Velocity (SLICE-2), Test No. STBRT-1
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Longitudinal Change in Displacement - SLICE-2
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Figure G-11. Longitudinal Occupant Displacement (SLICE-2), Test No. STBRT-1
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Figure G-12. 10-ms Average Lateral Deceleration (SLICE-2), Test No. STBRT-1

309



December 23, 2020
MwRSF Report No. TRP-03-411-20
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Figure G-13. Lateral Occupant Impact Velocity (SLICE-2), Test No. STBRT-1
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Figure G-14. Lateral Occupant Displacement (SLICE-2), Test No. STBRT-1
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Figure G-15. Vehicle Angular Displacements (SLICE-2), Test No. STBRT-1
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Appendix H. Accelerometer and Rate Transducer Data Plots, Test No. STBRT-2
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Figure H-2. Longitudinal Occupant Impact Velocity (SLICE-1), Test No. STBRT-2

313



December 23, 2020
MwRSF Report No. TRP-03-411-20

Longitudinal Change in Displacement - SLICE-1
STBRT-2

1

0

-1
g -2
5
1= 3
[
3
Q.
2 -4
s}

-5

-6

-7

-8

-9

0 0.2 0.4 0.6 0.8 1 12
Time (sec)
‘ ——CFC-180 Extracted Longitudinal Displacement (m) ‘

Figure H-3. Longitudinal Occupant Displacement (SLICE-1), Test No. STBRT-2
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Figure H-4. 10-ms Average Lateral Deceleration (SLICE-1), Test No. STBRT-2
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Figure H-5. Lateral Occupant Impact Velocity (SLICE-1), Test No. STBRT-2
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Figure H-6. Lateral Occupant Displacement (SLICE-1), Test No. STBRT-2

315



December 23, 2020
MwRSF Report No. TRP-03-411-20

Euler Angular Displacements - SLICE-1
STBRT-2

60

50

/

40

Yaw

L/
i / | Pitch

Angular Displacements (deg)

— |
-10
-20
-30
0 0.2 0.4 0.6 0.8 1 1.2
Time (sec)
‘ ——Euler Yaw y (deg) ~ —— Euler Pitch 6 (deg) Euler Roll ¢ (deg) ‘

Figure H-7. Vehicle Angular Displacements (SLICE-1), Test No. STBRT-2
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Figure H-8. Acceleration Severity Index (SLICE-1), Test No. STBRT-2
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Figure H-10. Longitudinal Occupant Impact Velocity (SLICE-2), Test No. STBRT-2

317



December 23, 2020
MwRSF Report No. TRP-03-411-20

Longitudinal Change in Displacement - SLICE-2
STBRT-2

1

0

-1
g -2
5
1= 3
[
3
Q.
2 -4
s}

-5

-6

-7

-8

-9

0 0.2 0.4 0.6 0.8 1 12
Time (sec)
‘ ——CFC-180 Extracted Longitudinal Displacement (m) ‘

Figure H-11. Longitudinal Occupant Displacement (SLICE-2), Test No. STBRT-2
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Figure H-12. 10-ms Average Lateral Deceleration (SLICE-2), Test No. STBRT-2

318



December 23, 2020
MwRSF Report No. TRP-03-411-20

16

14

12

10

Velocity (m/s)

Lateral Change in Velocity - SLICE-2

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

STBRT-2
,_\__\
/ﬂ\/
0.2 0.4 0.6 0.8 1 1.2
Time (sec)

Figure H-13. Lateral Occupant Impact Velocity (SLICE-2), Test No. STBRT-2
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Figure H-14. Lateral Occupant Displacement (SLICE-2), Test No. STBRT-2
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Figure H-15. Vehicle Angular Displacements (SLICE-2), Test No. STBRT-2
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Figure H-16. Acceleration Severity Index (SLICE-2), Test No. STBRT-2
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