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Department of Transportation. The contents of this report reflect the views and opinions of the
authors who are responsible for the facts and the accuracy of the data presented herein. The
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participating in the Midwest States Regional Pooled Fund Program nor the Federal Highway
Administration, U.S. Department of Transportation. This report does not constitute a standard,

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

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

Highway Administration.

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

Mongiardini, Post-Doctoral Research Assistant.
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1 INTRODUCTION
1.1 Background

In post-and-rail systems, the rail height plays a crucial role in the way an errant vehicle
interacts with the barrier. A low rail height may increase the chance of vehicle rollover, while an
excessively tall rail may cause vehicle snagging, underride, and occupant compartment
penetration. The rail mounting height and the post embedment depth may be altered by various
installation or environmental occurrences, such as soil erosion, frost heave, human error, and
future roadway surface overlays. Hence, the maximum and minimum heights of a barrier system
are selected to mitigate concerns for mounting height variability while allowing for safe vehicle
containment and redirection.

The Midwest Guardrail System (MGS) is a post-and-rail system which was originally
developed according to the Test Level 3 (TL-3) standards set forth by the National Cooperative
Highway Research Program (NCHRP) Report No. 350 [1] to provide a reliable W-beam
guardrail system capable of capturing and redirecting larger vehicles, specifically the Yi-ton
pickup truck, while minimizing the potential for barrier underride by the small car [2]. The MGS
has also been successfully crash tested and evaluated according to the TL-3 procedures provided
in the Manual for Assessing Safety Hardware (MASH) [3] for both the 1100C passenger car and
the 2270P pickup truck [4-5]. For the NCHRP Report No. 350 and MASH testing programs, the
top rail mounting height of the MGS was 32 in. (813 mm) for passenger cars and 31 in. (787
mm) for pickup trucks.

Although the MGS was crash tested with pickup trucks using a 31-in. (787-mm) top rail
mounting height, the MGS would provide acceptable safety performance at lower mounting
heights. For example, the modified G4(1S) W-beam guardrail system demonstrated acceptable

safety performance according to the TL-3 criteria provided in MASH when installed with a 27%-
1
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in. (705-mm) top rail mounting height [6, 7]. Prior full-scale crash testing with pickup trucks at
25-degree angles has demonstrated that the MGS provides improved barrier performance over
that observed with the modified G4(1S) barrier system. Therefore, the MGS should also meet the
TL-3 requirements found in MASH when installed with a top rail height of 27% in. (705 mm).
Based on prior crash testing of the modified G4(1S) and MGS barrier systems, researchers at the
Midwest Roadside Safety Facility (MwRSF) reasoned that the standard MGS would provide
acceptable safety performance when installed with top rail mounting heights ranging between
27% in. (705 mm) and 32 in. (813 mm). Therefore, the recommended minimum and maximum
top rail mounting heights for the standard MGS were previously established as 27% in. (705 mm)
and 32 in. (813 mm), respectively.

The MGS has also been successfully crash-tested and evaluated with 820C small
passenger cars with flare rates as high as 5:1 [8]. The increased impact severity of this particular
configuration did not accompany barrier underride and provided evidence that the upper height
tolerance for the MGS may be increased significantly from the current maximum allowable
value.

Raising the height of the rail can lead to the following five problems regarding system
performance of the MGS: (1) vehicle underride (small car); (2) post snagging (small car); (3)
occupant compartment penetration (small car); (4) excessive deflection due to reduced lateral
resistance (pickup truck); and (5) overloaded anchors that were designed for shorter heights
(pickup truck). Before the larger deflections are quantified or the anchorages are evaluated at
new heights, the rail height limit for acceptable small car interaction has to be defined. Although
many full-scale crash tests have utilized a small car impacting a guardrail system, there have
been no recent underride issues which could provide useful insight into the upper limits for the

MGS.
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1.2 Objectives

The objective of this research project was to evaluate the safety performance of an
increased-height MGS with respect to underride and post snagging for small cars. The guardrail
systems were to be evaluated according to the Test Level 3 (TL-3) safety performance criteria set
forth by the American Association of State Highway and Transportation Officials (AASHTO) in
MASH [3].
1.3 Scope

The research objectives were achieved through the completion of several tasks. First, a
literature review was performed of recent W-beam tests to examine the interaction between small
cars and guardrails. Second, engineering analysis, evaluation of 1100C vehicle and W-beam rail
geometries, dynamic response for posts embedded in soil, and experience with crash testing
various guardrail systems were all considered to determine the initial maximum top rail height
for the MGS. Next, two full-scale crash tests were performed on the MGS with a top rail
mounting height of 34 in. (864 mm) and 36 in. (914 mm), respectively, impacted by 1100C
vehicles. Finally, conclusions and recommendations were made that pertain to the safety

performance of the maximum-height MGS.
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2 LITERATURE REVIEW
2.1 Introduction

Several differences exist between the NCHRP Report No. 350 and MASH testing criteria
for longitudinal barriers [1, 3]. First, the small car vehicle utilized in NCHRP Report No. 350
weighed 1,808 1b (820 kg), while the small car vehicle utilized in MASH weighs 2,425 1b (1,100
kg). Second, the impact angle for the TL-3 small car full-scale crash test was 20.0 degrees for
NCHRP Report No. 350, but was increased to 25.0 degrees for MASH. Both of these changes
result in a significantly higher impact severity (IS) for the MASH testing. On the other hand, the
820C vehicle is expected to have higher occupant ridedown accelerations. Third, the height of
the center of gravity (c.g.) for the pickup truck was set at 28 in. (711 mm) in MASH, whereas
there was no required c.g. height in NCHRP Report No. 350. Finally, the weight of the pickup
truck was increased from 4,409 1b (2,000 kg) to 5,000 Ib (2,268 kg).

Most of the current strong-post, W-beam systems have been modified to improve
performance for impacts with high-center-of-gravity light trucks introduced by MASH. One of
the typical modifications includes raising the top rail mounting height from the previous standard
of 27 or 27% in. (686 or 705 mm) to a nominal top mounting height of 31 in. (787 mm).
Although this height increase improves system performance for pickup truck impacts, it also
makes the system more susceptible to vehicle snag and/or underride when impacted by small
cars.

The guardrail systems incorporating the increased mounting height have typically been
tested to NCHRP Report No. 350 [1]. However, with the adoption of the new MASH standards
[3], some systems have been tested with the new 2,425-1b (1,100-kg) 1100C small car. Systems
that have been validated by either NCHRP Report No. 350 or MASH at higher top rail mounting

heights will be discussed in detail in the following sections. A summary of passenger car tests on

4



Table 1. Recent Small-Car Testing Performed on W-Beam Guardrail Systems

Top Rail

Test No. Proprietary System Height Barrier Features Accepted Vehicle Developer Ref.
(Y/N) . to No.
in. (mm)
GMS Gregory Mini- 350/ Gregory Highway
GMS-2 Y Guardrail 31(787) Spacer, no blockouts MASH 820C Products o-11
NU- Rib-Bak U-Channel 350/ Nucor Steel
057073101 Y GUARD 31 (787) Posts, no blockouts MASH 820C Marion, Inc. 12
Modified W6x8.5 .. )
220570-1 Y T31 | 31(787) | (Wis2x12.6)steel | o0l | 1100c | Lty Highway oy,
MASH Safety Products
posts, no blockouts
Modified W6x8.5 . .
220570-4 Y T31 | 31(787) | (Wi1s2x12.6)steel | oo0f | soc | Lnmity Highway |y,
MASH Safety Products
posts, no blockouts
Standard W6x8.5 . )
400001-TGS2 % TGS | 31(787) | (W152x12.6)steel | 520/ | spoc | Trimity Highway | 0
MASH Safety Products
posts, no blockouts
Standard W6x8.5
NPG-1 N MGS | 32@813) | (W152x12.6) steel 350 820C MwRSF 2, 17-
posts, 12-in. deep 19
blockouts
Standard W6x8.5
2214MG-3 N MGS | 32813y | (WIS2xI26)steel 1\ qp | 1100c MwRSF >, 20-
posts, 12-in. deep 21
blockouts
Standard W6x8.5 No
FR-3 N MGS | 31(787) | (WIs2x12.6)steel | acceptance | ¢, MwRSF 8
posts, 12-in. deep granted
blockouts, 7:1 flare | currently
Standard W6x8.5 No
FR-5 N MGS | 31(787) | (WIs2x12.6)steel | acceptance | g, MwRSF 8
posts, 12-in. deep granted
blockouts, 5:1 flare | currently

T1-$ST-€0-d YL "ON Hoday ISYMIN
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guardrail systems utilizing higher top rail mounting heights is shown in Table 1. A majority of
sources from agencies outside the Midwest Roadside Safety Facility were in the form of Federal
Highway Administration (FHWA) acceptance letters and Transportation Research Board (TRB)
articles and papers. Therefore, testing information and specific system detail are limited for these
agencies.

2.2 Proprietary Systems

2.2.1 Gregory Highway Products

In 2006, Gregory Highway Products developed a proprietary fastener called the Gregory
Mini Spacer (GMS) to replace standard guardrail bolts. Southwest Research Institute (SwRI)
conducted two tests using this fastener on a Modified G4(1S) W-beam system utilizing 820C and
2270P vehicles. The modified G4(1S) system has a nominal barrier height of 31 in. (787 mm)
and no blockouts. Test no. GMS-2 with the 820C vehicle was successful, and FHWA gave
acceptance for the fastener to be used in place of a standard guardrail bolt on any non-proprietary
strong or weak post W-beam system that currently meets NCHRP Report No. 350 standards [8].
The guardrail system utilizing this new fastener is called the GMS Guardrail [10]. Although the
system was tested with the pickup truck specified in MASH, it was not accepted to MASH
standards at this time.

In 2008, Gregory Highway Products requested formal FHWA acceptance of the GMS
Guardrail under the provisions of the new MASH standards. Two tests, in addition to the ones
performed for the previous acceptance letter, were performed using 2270P vehicles. The system
was tested with a top rail height of 27% in. (702 mm). No new tests were performed using the
small car, although acceptance was granted for use of the GMS Guardrail system under MASH

standards [11].
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2.2.2 Nucor Steel Marion, Inc.

In 2007, Nucor Steel Marion Inc. developed a new post for their NU-Guard 31-in. (787-
mm) high and NU-Guard 27-in. (686-mm) high strong post W-beam systems. Nucor sought
FHWA acceptance for both NCHRP Report No. 350 and MASH standards for the 31-in. (787-
mm) system, but just NCHRP Report No. 350 acceptance for the 27-in. (686-mm) system. In
order to reduce the number of tests required to meet both standards, and to avoid redundancy,
three tests were conducted by Holmes Solutions of New Zealand. Test nos. 3-10 and 3-11 with
820C and 2270P vehicles, respectively, were conducted on the 31-in. (787-mm) system, while
test no. 3-11 with a 2000P vehicle was performed on the 27-in. (686-mm) system. An 1100C
vehicle was not used due to the lighter 820C vehicle having an increased propensity for
excessive ridedown decelerations, snag, and underride.

MASH test no. 3-10 (test no. 057073101) was performed on a median barrier
configuration of the 31-in.(787-mm) system. It was considered to produce the greatest risk to the
occupant because it was stiffer than the roadside configuration. The 31-in. (787-mm) system did
not utilize blockouts in either the median or roadside applications. The test was successful
utilizing the 820C small car with a 31 in. (787 mm) top rail mounting height, and the system was
accepted to both NCHRP Report No. 350 and MASH standards for blocked and non-blocked
configurations [12-13].

2.2.3 Trinity Highway Safety Products

In 2005, a strong post W-beam guardrail system called the T-31 was designed by Trinity
Highway Safety Products Division. The system was tested by Texas Transportation Institute
(TTI) and uses standard 12-gauge W-beam and modified W6x8.5 (W152x12.6) steel posts with a
top rail height of 31 in. (787 mm). Three tests were performed on this barrier: (1) NCHRP

Report No. 350 test no. 3-10 utilizing an 820C vehicle (test no. 220570-4), (2) MASH test no. 3-
7
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10 utilizing an 1100C vehicle (test no. 220570-1), and (3) MASH test no. 3-11 utilizing a 2270P
vehicle (test no. 220570-2). At the time, these vehicles were tested in the anticipation of the
MASH testing standards. All test results satisfied the safety criteria of NCHRP Report No. 350
and MASH. Therefore, the T-31 was accepted as a TL-3 barrier under both NCHRP Report No.
350 and MASH [14-15].

In 2007, TTI tested another proprietary guardrail system called the Trinity Guardrail
System (TGS) for Trinity Highway Safety Products Division. The TGS used standard W6x8.5
(W150x12.6) steel line posts without blockouts and a 12-gauge W-beam mounted at a top rail
height of 31 in. (787 mm). Two tests were performed on this barrier: (1) MASH test no. 3-11
(test no. 400001-TGS1) utilizing a 2270P vehicle, and (2) NCHRP Report No. 350 test no. 3-10
(test no. 400001-TGS2) utilizing an 820C vehicle. Results from both tests satisfied the safety
performance criteria of their corresponding standard, NCHRP Report No. 350 or MASH.
Therefore, the TGS was accepted as a TL-3 barrier under both NCHRP Report No. 350 and
MASH [16].

2.3 Non-Proprietary Systems

2.3.1 Midwest Roadside Safety Facility (MwRSF)

In the early 2000s, researchers at the Midwest Roadside Safety Facility (MwRSF)
developed a new guardrail system called the Midwest Guardrail System (MGS) in order to
improve performance for high-center-of-gravity light trucks. The MGS incorporated a 31-in.
(787-mm) nominal height to the top of the rail, splices located between posts, and an increased
blockout depth of 12 in. (305 mm). One small car test was performed on the new system,
NCHRP Report No. 350 test no. 3-10 with an 820C vehicle (test no. NPG-1). For this test, the
top of the rail was placed at 32 in. (813 mm) to demonstrate the barrier performance at the

maximum allowable rail height, and the MGS satisfied NCHRP Report 350 evaluation criteria
8
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[2, 17-18]. Subsequently, FHWA acceptance was granted for the MGS to NCHRP Report No.
350 standards in 2005 [19].

While the MASH document was being written, NCHRP Project No. 22-14(2) was
undertaken by researchers at MwRSF to evaluate current roadside safety devices. One of the
selected barriers was the MGS barrier mounted at a top rail height of 32 in. (813 mm) when
impacted by a 2,425-1b (1,100-kg) small car (test no. 2214MG-3). Test results showed the barrier
satisfied the TL-3 evaluation criteria found in MASH [5,20]. The MGS has since been accepted
according to MASH standards [21].

In 2008, MwRSF conducted a study that examined critical flare rates for the MGS. Two
tests were performed with an 820C small car and a 31-in. (787-mm) nominal rail mounting
height. The first test, test no. FR-3, was performed on the MGS with a flare rate of 7:1, while the
second, test no. FR-5, had a flare rate of 5:1. Thus, the effective impact angles for these tests
were 28.7 and 31.8 degrees, respectively. Both tests satisfied the safety performance criteria of
NCHRP Report No. 350. Tests with vehicles in the light truck category were also successfully
performed and reported [8], thus establishing the maximum recommended flare rate of 5:1.

2.4 Terminals

With the modification of several standard barriers to a new rail height, terminals for these
barriers were affected. FHWA accepted several terminals to be used with the taller W-beam
strong post systems. Terminals that were accepted for the MGS are: SKT (test no. SMG-1),
SKT-LITE, FLEAT (test nos. FLEAT-5, FLEAT-6, and FLEAT-8), and the ET-Plus 31 (test no.
220601-2) [22-25]. Additionally, researchers at MwRSF tested an SKT-MGS Tangent End
Terminal while working on NCHRP Project 22-14(2) (test no. 2214TT-1). The rail was mounted
at a height of 32 in. (813 mm) and met the proposed standards of MASH [26]. SKT and FLEAT

terminals were also accepted for use with the GMS-WB31 system through similarities to the
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MGS [27]. The SRT-31 terminal has been accepted for use with the MGS, T-31, and GMS-
WB31 systems through test no. 220541-2 [28].
2.5 Discussion

All of the systems discussed in this literature review were deemed acceptable according
to the respective standards to which they were tested. Upon reviewing the test results, the
potential for wheel snag and underride was evident.

Two concerns arise when wheel snag occurs: (1) the wheel is pushed rearward against the
wheel well, which could deform the floorpan and (2) the longitudinal forces on the wheel
increase the occupant risk values. Test no. FR-3 showed the propensity for wheel snag, as shown
in Figure 1. Additionally, the small car utilized in test no. FR-5 encountered wheel snag on post
no. 15, as shown in Figure 2. These flare rate tests, however, were more severe than a standard
W-beam test, as the small car impacted at a higher effective angle of 31.8 degrees. As stated
before, both of these tests passed the NCHRP Report No. 350 test criteria, and experienced
acceptable floorpan deflections and occupant risk values. Thus, wheel snag may not pose a
critical risk to the small car at higher rail heights. In test no. 2214MG-3, slight wheel snag
occurred that did not abruptly stop the vehicle but caused it to yaw toward the barrier, as shown
in Figures 3 and 4.

Barrier underride also poses a significant risk for two reasons: (1) the rail slides along the
top of the hood and comes into contact with the base of the windshield, which could cause
unacceptable deformations of the windshield and/or intrusion into the occupant compartment,
and (2) the vehicle may traverse under the rail and impact a hazard behind the barrier. No recent
W-beam guardrail tests have experienced significant barrier underride. Thus, recent tests were

evaluated for the potential for barrier underride.
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The potential for barrier underride was seen in several tests. In some tests, the rail
contacted the front of the vehicle and began to slide upward, but snagged under the hood and the
quarter panel, as shown in Figure 5. The hood snag did not pose a threat to the occupants of the
vehicle, but the rail may not be caught under the hood at higher rail heights, which would allow

underride to occur.
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Figure 2. Test No. FR-5, Wheel Snag
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Figure 3. Test No. 2214MG-3, Wheel Snag

Figure 4. Test No. 2214MG-3, Vehicle Yaws Toward the Barrier
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Figure 5. Test No. 2214MG-3, Rail Snags Under the Hood .
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3 RAIL HEIGHT TESTING RECOMMENDATION

3.1 Introduction

The MGS has successfully redirected an 1100C small car with the top rail height at 32 in.
(813 mm) and several 820C small cars at a top rail height of 31 in. (787 mm). Several factors
need to be considered in order to make a recommendation for a maximum top rail height for the
MGS. These factors include small car geometry, rail geometry, soil and post yielding forces, post
length, and post embedment depth. The new height will affect the way the light truck interacts
with the system, but that is beyond the scope of this project.
3.2 Vehicle and Rail Geometry

Front end geometry of the 1100C vehicle is a key factor in deciding how high the rail can
be raised without the vehicle underriding the barrier. Averaged vehicle dimensions are shown in

Figure 6, and dimensions for two specific 1100C vehicles are shown in Figure 7.

20.177

21" ]
3775 = Vertical CG

Figure 6. 1100C Vehicle Schematic, Average Measurements

Another key geometric factor is the vehicle to rail relationship, as shown in Figures 8 and
9. When the rail is mounted at a height of 32 in. (813 mm), the rail no longer contacts the
bumper—its contact is primarily with the hood and side quarter panel of the vehicle. Because
several tests have successfully passed with that type of contact, the height of the rail may be
increased several inches and still successfully capture the vehicle. As shown in Figure 6, the

distance between the top of the bumper and the upper edge of the side panel is approximately
15
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17.5 in. (445 mm), providing a broad area for rail interaction without the rail contacting the A-

pillar.

' = - X b
e /b
y 1. o

MwWRSE

NGSHRH — g

Figure 7. 1100C Front End Dimensions
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32-in. (813-mm)
MGS

34-in. (864-mm)
MGS

36-in. (914-mm)
MGS

Figure 8. 1100C Next to 32-, 34-, and 36-in. (813-, 864-, and 914-mm) MGS — Rear View
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32-in. (813-mm)
MGS

34-in. (864-mm)
MGS

36-in. (914-mm) |
MGS

Figure 9. 1100C Next to 32-, 34-, and 36-in. (813-, 864-, and 914-mm) MGS — Front View
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3.3 Post Length, Post Embedment Depth, and Rail Height

A different factor to be considered is post length and embedment depth. If the top rail
height increases, so is the height of the post above the ground. Since it is desired to use the
standard, 72-in. (1,829-mm) length, W6x8.5 or W6x9 (W152x12.6 or W152x13.4) steel post, as
used in the original MGS, the embedment depth will decrease in direct proportion to the raising
of the rail.

The post height above ground is 1 in. (25 mm) higher than the top of the rail height.
Thus, for the nominal rail height of 31 in. (787 mm), the nominal post embedment depth is 40 in.
(1,016 mm).

When the rail is raised, the dynamic yield force for the post-soil interaction is decreased
due to the longer moment arm between the ground and the mounting height of the rail.

Frewhnew = Frominathnominal [Eq. 1]

where

F = dynamic yield force

h = rail mounting height (or acting force height)

As the post embedment depth is decreased, the dynamic yield force also decreases.

According to Appendix A of NCHRP Report No. 350 [1], this relationship is given as:

dneW 2
Erew = Frominai ( ) [Eq. 2]

dnominal

where
d = post embedment depth
Since both of these factors are occurring in raising the standard MGS, the accumulative

effect on the dynamic yield force would be:

Faew = Frominal (hnominal) ( Grew )2 [Eq. 3]

hnew dnominal
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Using Equation 3, the effect on the dynamic yield force can be investigated for various
rail heights and corresponding post embedment depths.

However, the nominal dynamic yield force is not simply defined. Based on many
previous post-in-soil bogie testing [2,3,29,30], the typical dynamic yield force falls within a
range of 6-10 kips (27-44 kN). Thus, dynamic yield forces for top rail heights of 32-38 in. (813-
965 mm) by 1-in. (25-mm) increments were calculated for nominal dynamic yield forces of 6, 8§,
and 10 kips (27, 36, and 44 kN). Results are shown in Table 2. Calculations were performed for
Equations 1, 2, and 3 so that the individual, as well as the accumulative, effect of raising the rail

could be distinguished.

Table 2. Post-Soil Dynamic Yield Forces

nominal
Top Rail Height [in.] 31 32 33 34 35 36 37 38
Acting Force Height [in.] 24.875| 25.875  26.875 27.875 28875 29.875 30.875 31.875
Embedment Depth [in.] 40 39 38 37 36 35 34 33
calculated Dynamic Yield Forces based on decreased embedment depth
(impact height remains at 24.875in.)
Dynamic Yield Force [kips] 6 5.7 5.4 5.1 4.9 4.6 4.3 4.1
Dynamic Yield Force [kips] 8 7.6 7.2 6.8 6.5 6.1 5.8 5.4
Dynamic Yield Force [kips] 10 9.5 9.0 8.6 8.1 7.7 7.2 6.8
calculated Dynamic Yield Forces based on increased rail height
(embedment depth stays at 40in.)
Dynamic Yield Force [kips] 6 5.8 5.6 5.4 5.2 5.0 4.8 4.7
Dynamic Yield Force [kips] 8 7.7 7.4 7.1 6.9 6.7 6.4 6.2
Dynamic Yield Force [kips] 10 9.6 9.3 8.9 8.6 8.3 8.1 7.8
calculated Dynamic Yield Forces based on both
increased rail height and decreased embedment depth
Dynamic Yield Force [kips] 6 5.5 5.0 4.6 4.2 3.8 3.5 3.2
Dynamic Yield Force [kips] 8 7.3 6.7 6.1 5.6 5.1 4.7 4.2
Dynamic Yield Force [kips] 10 9.1 8.4 7.6 7.0 6.4 5.8 5.3

3.4 Discussion and Recommendation
There is no “formula” that can be applied to determine the maximum rail height to test.

The goal is to determine what might be considered a reasonable and practical maximum height to
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the experts in roadside safety. This includes a thoughtful use of the geometry and force
information detailed in sections 3.2 and 3.3. The rail should be low enough such that a good
portion of it remains alongside of the vehicle’s side fender and door, and not rely on capture via
the A-pillar and window area of the door. Other small vehicles, with a lower profile than the
current 1100C, should be kept in mind. Calculated post-in-soil dynamic yield forces around 8
kips (36 kN) might be considered ideal, but less than 6 kips (27 kN) should be avoided if
possible.

After several discussions and time for contemplation, it was recommended to test the
MGS at a rail height of 34 in. (864 mm). If that test were to pass all MASH criteria, then a
follow-up test at 36 in. (914 mm) would be recommended unless test results clearly indicated

that a higher or lower height should be considered.
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4 TEST REQUIREMENTS AND EVALUATION CRITERIA
4.1 Test Requirements
Longitudinal barriers, such as W-beam guardrails, must satisfy impact safety standards in
order to be accepted by FHWA for use on the National Highway System (NHS). For new
hardware, these safety standards consist of the guidelines and procedures published in MASH
[3]. According to TL-3 of MASH, longitudinal barrier systems must be subjected to two full-
scale vehicle crash tests. The two full-scale crash tests are noted below:

1. Test Designation 3-10 consisting of a 2,425-1b (1,100-kg) passenger car impacting the
system at a nominal speed and angle of 62 mph (100 km/h) and 25 degrees,
respectively.

2. Test Designation 3-11 consisting of a 5,000-1b (2,268-kg) pickup truck impacting the
system at a nominal speed and angle of 62 mph (100 km/h) and 25 degrees,

respectively.

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

Table 3. MASH TL-3 Crash Test Conditions

Impact Conditions
Test Test Test Speed Anel Evaluation
Article Designation | Vehicle 4 ngie Criteria '
mph | km/h | (deg)
Longitudinal 3-10 1100C 62 100 25 A,D,F.H,I
Barrier 3-11 2270P 62 100 25 ADFH]I

' Evaluation criteria explained in Table 4.

4.2 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 guardrail system to contain and

redirect impacting vehicles. In addition, controlled lateral deflection of the test article is
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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 4 and defined in greater detail in MASH. The full-scale vehicle crash tests
were conducted and reported in accordance with the procedures provided in MASH.

In addition to the standard occupant risk measures, the Post-Impact Head Deceleration
(PHD), the Theoretical Head Impact Velocity (THIV), and the Acceleration Severity Index (ASI)
were determined and reported on the test summary sheets. Additional discussion on PHD, THIV
and ASI is provided in MASH.

4.3 Soil Strength Requirements

In order to limit the variation of soil strength among testing agencies, foundation soil
must satisfy the recommended performance characteristics set forth in Chapter 3 and Appendix
B of MASH. Testing facilities must first subject the designated soil to a dynamic post test to
demonstrate a minimum dynamic load of 7.5 kips (33.4 kN) at deflections between 5 and 20 in.
(127 and 508 mm). If satisfactory results are observed, a static test is conducted using an
identical test installation. The results from this static test become the baseline requirement for
soil strength in future full-scale crash testing in which the designated soil is used. An additional
post installed near the impact point is statically tested on the day of the full-scale crash test in the
same manner as used in the baseline static test. The full-scale crash test can be conducted only if
the static test results show a soil resistance equal to or greater than 90 percent of the baseline test
at deflections of 5, 10, and 15 in. (127, 254, and 381 mm). Otherwise, the crash test must be

postponed until the soil demonstrates adequate post-soil strength.
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Table 4. MASH Evaluation Criteria for Longitudinal Barrier

Structural
Adequacy

A.

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

Occupant
Risk

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

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

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

Occupant Impact Velocity Limits

Component Preferred Maximum

Longitudinal and Lateral 30 1s 40 fu's

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

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

Occupant Ridedown Acceleration Limits

Component Preferred Maximum

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

5.1 Test Facility

The testing facility is located at the Lincoln Air Park on the northwest side of the Lincoln
Municipal Airport and is approximately 5 miles (8.0 km) northwest of the University of
Nebraska-Lincoln.
5.2 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 [31] was used to steer the test vehicle. A
guide-flag, attached to the left-front wheel and the guide cable, was sheared off before impact
with the barrier system. The 3-in. (9.5-mm) diameter guide cable was tensioned to
approximately 3,500 Ib (15.6 kN) and supported both laterally and vertically every 100 ft (30.5
m) by hinged stanchions. The hinged stanchions stood upright while holding up the guide cable,
but as the vehicle was towed down the line, the guide-flag struck and knocked each stanchion to
the ground.
5.3 Test Vehicles

For test no. MGSMRH-1, a 2003 Kia Rio sedan was used as the test vehicle. The curb,
test inertial, and gross static vehicle weights were 2,401 1b (1,089 kg), 2,429 1b (1,102 kg), and
2,599 1b (1,179 kg), respectively. The test vehicle is shown in Figure 10, and vehicle dimensions
are shown in Figure 11.

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

test inertial, and gross static vehicle weights were 2,449 1b (1,111 kg), 2,412 1b (1,094 kg), and
25



March 9, 2012
MwRSF Report No. TRP-03-255-12

Figure 10. Test Velclé; Test No. MGSMRH- I
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Date: 6/29/2010 Test Number: MGSMRH-1 Model: 1100C Rio Sedan
Make: Kia ehicle 1.D.#: KNADC125036275583
Tire Size: 175/65 R14 Year: 2003 Odometer: 63193
Tire Inflation Pressure: 30psi

*(All Measurements Refer to Impacting Side)

Vehicle Geometry — in. (mm)

a 6414 (1632) b 55 (1397)

¢ 166 1/4  (4223) d 38 (965)

e 95 (2413) I 331/4 (845)
g 18 (457) h 36 915)
i 8 (203) i 2112 (546)
kK 11 (279) 1 2214 (565)

m 56 (1422) n_ 563/4 (1441)
0o 2612  (673) p__314 (83)
q 23 (584) r 1512 (394)
s 12 (305) t 641/4 (1632)

‘Wheel Center Height Front 10 1/4 (260)

Wheel Center Height Rear 10 3/4 (273)

‘Wheel Well Clearance (F) 24 (610)

Mass Distribution Wheel Well Clearance (R) 24 (610)

Gross Static LF 793 RF 795 Frame Height (F) 91/4 (235
LR 491 RR 520 Frame Height (R) 16 (406)
Engine Type 4cyl. Gas
‘Weights
Ibs (kg) Curb Test Inertial Gross Static Engine Size 1.5L
W-front 1517  (688) 1500 (680) 1588 (720) Transmition Type:
‘W-rear 884 (401) 929 (421) 1011 (459) 'Iamlal
‘W-total 2401 (1089) 2429 (1102) 2599 (1179) R'WD 4WD
GVWR Ratings Dummy Data
Front 1808 Type: Hybrid 1
Rear 1742 Mass: 170 lbs.
Total 3379 Seat Position: Passenger
Note any damage prior to test: Small dent center of front bumper cover

Figure 11. Vehicle Dimensions, Test No. MGSMRH-1
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2,583 1b (1,172 kg), respectively. The test vehicle is shown in Figure 12, and vehicle dimensions
are shown in Figure 13.

The longitudinal component of the center of gravity (c.g.) was determined using the
measured axle weights [32]. The vertical component of the c.g. of each 1100C vehicle was
estimated based on historical c.g. height measurements. The location of the final c.g. of each
vehicle is shown in Figures 11 and 13 through 15. Data used to calculate the location of the c.g.
and ballast information are shown in Appendix B.

Square, black and white-checkered targets were placed on each vehicle for reference to
be viewed from the high-speed digital video cameras and aid in the video analysis, as shown in
Figures 14 and 15. Round, checkered targets were placed at the center of gravity on the left-side
door, the right-side door, and the roof of each vehicle.

The front wheels of each test vehicle were aligned to vehicle standards except the toe-in
value was adjusted to zero so that the vehicles would track properly along the guide cable. A 5B
flash bulb was mounted on the right side of the vehicle’s dash and was fired by a pressure tape
switch mounted at the impact corner of the bumper. The flash bulb was fired upon initial impact
with the test article to create a visual indicator of the precise time of impact on the high-speed
videos. A remote controlled brake system was installed in each test vehicle so the vehicle could
be brought safely to a stop after the test.

5.4 Simulated Occupant

For both tests, a Hybrid II 50" Percentile Adult Male Dummy, equipped with clothing and
footwear, was placed in the right-front seat of the test vehicle with the seat belt fastened. The
dummy, which had a final weight of 170 Ib (77 kg), was represented by model no. 572, serial no.
451, and was manufactured by Android Systems of Carson, California. As recommended by

MASH, the dummy was not included in calculating the c.g location.
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Figure 12. Test Vehicle, Test No. MGSMRH-2 |



March 9, 2012
MwRSF Report No. TRP-03-255-12

Date: 9/9/2010 Test Number: MGSMRH-2 Model: 1100C RIO
Make: Kia Vehicle 1.D.#: KNADC125046337310
Tire Size: P175/65 R14 Year: 2004 Odometer: 93345
Tire Inflation Pressure: 30 psi.

*(All Measurements Refer to Impacting Side)

Vehicle Geometry -- in. (mm)

. \

]\Ju T a 643/4 (1645) b 5512 (1410)
_G : t c 1663/4 (4235) d 38 (965)

vehicle
} l e 95 (2413) f 333/4  (857)
///J N, T T i g 17 (432) h 36 (916)
i 9 (229) j 2138  (543)
k 11 (279) | 223/8  (568)

m 571/4 (1454) n 567/8 (1445)

o 273/8  (695) p 314  (83)

q 225/8  (575) r 1512 (394)

s 12 (305) t 641/4 (1632)

Wheel Center Height Front 10 3/4  (273)

Wheel Center Height Rear 107/8  (276)

Mass Distribution

Wheel Well Clearance (F) 243/8 (619)
Wheel Well Clearance (R) 214 1/2 (5448)

Gross Static LF 775 RF 807 Frame Height (F) 67/8 (175)
LR 482 RR 518 Frame Height (R) 16 1/2  (419)
Engine Type 4cyl Gas
Weights
Ibs (kg) Curb Test Inertial Gross Static Engine Size 1.6L
W-front 1532 (695) 1495 (678) 1582 (718) Transmition Type:
W-rear 917  (416) 917 (416) 1000 (454) anual
W-total 2449  (1111) 2412 (1094) 2583 (1172) RWD 4WD
GVWR Ratings Dummy Data
Front 1808 Type: Hybrid 1
Rear 1742 Mass: 170 Ibs.
Total 3399 Seat Position: Passenger
Note any damage prior to test: None

Figure 13. Vehicle Dimensions, Test No. MGSMRH-2
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¢

vehicle
B G D E
M
dJ
TEST #: MGSMRH-1
TARGET GEOMETRY-- in. (mm)

A 33 (838) E 28 (711) I 18 457)

B 243/4 (629) F 351/4 (895) J 281/4 (718)

C 46 (1168) G 36 914) K 28 (711)

D 22172 (572) H 95 (2413) L 411/4 (1048)

M 503/4 (1289)

Figure 14. Target Geometry, Test No. MGSMRH-1
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G

vehicle

TEST #: MGSMRH-2
TARGET GEOMETRY-- in. (mm)
A 303/4 (781) E 37 (940) I 17 (432)
B 213/4 (552) F 361/4 (921) J 2812 (724)
Cc 451/4 (1149) G 36 (914) K 281/4 (718)
D 151/4 (387) H 9 (2438) L 46 (1168)
M 53 3/4 (1365)

Figure 15. Target Geometry, Test No. MGSMRH-2
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5.5 Data Acquisition Systems

5.5.1 Accelerometers

Two environmental shock and vibration sensor/recorder systems were used to measure
the accelerations in the longitudinal, lateral, and vertical directions. All of the accelerometers
were mounted near the center of gravity of the test vehicles. The electronic accelerometer data
obtained in dynamic testing was filtered using the SAE Class 60 and the SAE Class 180
Butterworth filter conforming to the SAE J211/1 specifications [33].

The first accelerometer system was a two-arm piezoresistive accelerometer system
manufactured by Endevco of San Juan Capistrano, California. Three accelerometers were used to
measure each of the longitudinal, lateral, and vertical accelerations independently at a sample
rate of 10,000 Hz. The accelerometers were configured and controlled using a system developed
and manufactured by Diversified Technical Systems, Inc. (DTS) of Seal Beach, California. More
specifically, data was collected using a DTS Sensor Input Module (SIM), Model TDAS3-SIM-
16M. The SIM was configured with 16 MB SRAM memory and 8 sensor input channels with
250 kB SRAM/channel. The SIM was mounted on a TDAS3-R4 module rack. The module rack
was configured with isolated power/event/communications, 10BaseT Ethernet and RS232
communication, and an internal backup battery. Both the SIM and module rack were
crashworthy. The “DTS TDAS Control” computer software program and a customized Microsoft
Excel worksheet were used to analyze and plot the accelerometer data.

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

were used to analyze and plot the accelerometer data.
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5.5.2 Rate Transducers

An angle rate sensor, the ARS-1500, with a range of 1,500 degrees/sec in each of the
three directions (roll, pitch, and yaw) was used to measure the rates of rotation of the test
vehicles. The angular rate sensor was mounted on an aluminum block inside the test vehicle near
the center of gravity and recorded data at 10,000 Hz to the SIM. The raw data measurements
were then downloaded, converted to the proper Euler angles for analysis, and plotted. The “DTS
TDAS Control” computer software program and a customized Microsoft Excel worksheet were
used to analyze and plot the angular rate sensor data.

For test no. MGSMRH-2, a second system, an Analog Systems 3-axis rate transducer
with a range of 1,200 degrees/sec in each of the three directions (roll, pitch, and yaw), was used
to measure the rates of motion of the test vehicles. The rate transducer was mounted inside the
body of the EDR-4 6DOF-500/1200 and recorded data at 10,000 Hz to a second data acquisition
board inside the EDR-4 6DOF-500/1200 housing. The raw data measurements were then
downloaded, converted to the appropriate Euler angles for analysis, and plotted. The
“EDR4COM” and “DynaMax Suite” computer software programs and a customized Microsoft
Excel worksheet were used to analyze and plot the angular rate transducer data.

5.5.3 Pressure Tape Switches

For test nos. MGSMRH-1 and MGSMRH-2, five pressure-activated tape switches,
spaced at approximately 6.56-ft (2-m) intervals, were used to determine the speed of the vehicle
before impact. Each tape switch fired a strobe light which sent an electronic timing signal to the
data acquisition system as the right-front tire of the test vehicle passed over it. Test vehicle
speeds were determined from electronic timing mark data recorded using TestPoint and
LabVIEW computer software programs. Strobe lights and high-speed video analysis are used

only as a backup in the event that vehicle speed cannot be determined from the electronic data.
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5.5.4 Digital Cameras

For test nos. MGSMRH-1 and MGSMRH-2, two AOS VITcam high-speed digital video
cameras, three AOS X-PRI high-speed digital video cameras, and four JVC digital video
cameras were utilized to film the full-scale crash test. In addition, one Canon digital video
camera was utilized to film test no. MGSMRH-1 and two Canon digital video cameras were
utilized to film test no. MGSMRH-2. Camera details, camera operating speeds, lens information,
and a schematic of the camera locations relative to the system are shown in Figures 16 and 17.

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

used to document pre- and post-test conditions for all tests.
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Figure 16. Camera Locations, Speeds, and Lens Settings, Test No. MGSMRH-1
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6 DESIGN DETAILS - 34-IN. (864-mm) TOP RAIL MOUNTING HEIGHT

The test installation consisted of 175 ft (53.3 m) of MGS with a top rail mounting height
of 34 in. (864 mm), as shown in Figures 18 through 27. Photographs of the test installation are
shown in Figure 28. Material specifications, mill certifications, and certificates of conformity for
the system materials are shown in Appendix A.

The system was constructed with 29 guardrail posts. Post nos. 3 through 27 were
galvanized, ASTM A36, W6x8.5 (W152x12.6) steel sections measuring 72 in. (1,829 mm) long.
Post nos. 1, 2, 28, and 29 were 5%-in. wide x 7%-in. deep x 46-in. long (140-mm x 191-mm x
1,168-mm) BCT timber posts. The anchor posts were set 16 in. (406 mm) into a 6-in. wide x 8-
in. deep x 72-in. long (152-mm x 203-mm x 1,829-mm), ASTM A500 Grade B, steel foundation
tube, as shown in Figures 20 and 21. Post nos. 1, 2, 28, and 29 were placed such that the top of
the BCT post was 32 in. (813 mm) from the groundline. The BCT posts and foundation tubes
were part of the anchor system designed to replicate the capacity of a tangent guardrail terminal.

All posts were spaced 75 in. (1,905 mm) on center and placed in a compacted, coarse,
crushed limestone material that met Grading B of AASHTO M147-65 (1990), as recommended
by MASH [3]. Posts nos. 3 through 27 had an embedment depth of 37 in. (940 mm). A 6-in.
wide x 12-in. deep x 14%-in. long (152-mm x 305-mm x 362-mm) southern yellow pine wood
spacer blockout was used to block the rail away from the front face of each steel post, as shown
in Figure 22. A 16D double head nail was also driven through a hole in the front flange of the
post into the top of the blockout assembly to prevent rotation of the blockout.

Standard 12-gauge (2.66-mm thick) W-beam rails with additional post bolt slots at half-
post spacing intervals were mounted on post nos. 1 through 29, as shown in Figures 18, 19, and
26. The W-beam top rail height was 34 in. (864 mm) above ground surface with a 277%-in. (708-

mm) center mounting height, such that the center of the rail was mounted 4% in. (105 mm) from
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the top of the BCT timber posts. Rail splices were located at the midspan between posts, as
shown in Figures 18 and 19. The lap splice connections between the rail sections were

configured to reduce vehicle snag potential at the splice during the crash test.
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Midwest Guardrail System at 34" Rail Height
ltem No. Qry. Description Material Specification Hardware Guide
al 25 WBx8.5 72in [W152x12.6 1829] long Steel Post ASTM A36 Steel PWEQB
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a5 1 8'—3" [1905] W—Beam MGS Section 12 gauge [2.7] AASHTO M180 RWMO1a
ab 25 16D Double Head Nail - -
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b8 12 5/8™ia. x 1 1/2" [M16 x 38] Guardrail Bolt and Nut ASTM A307 FBBO1
b9 4 5/8"Dia. x 10" [M16 x 254] long Guardrail Bolt and Nut ASTM A307 FBBO3
b10 25 5/8"Dia. x 14" [M16 x 356] long Cuardrail Bolt and Nut ASTM A307 FBBO6
b11 16 5/8"Dia. x 1 1/2" [M16 x 38] long Hex Head Bolt and Nut ASTM A307 FBX18a
b12 4 5/8"Dia. x 9 1/2” [M16 x 241] long Hex Head Bolt and Nut ASTM A307 FBX16a
b13 L2 5/8"Dia. [16] Flat Washer ASTM F436 Grade 1 FWC14qa
b14 4 3/4"Dia. x 7 1/2" [M20 x 191] long Hex Head Bolt and Nut ASTM A325 FBX22a
b15 8 3/4"Dia. [19] Flat Washer ASTM F436 Grade 1 FWC22q
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MGS Maximum Height 10 of 10
DATE:
Bill of Materials 7/13/2011
DRAWN BY:
Midwest Roadside o
Sofety FCIC]”ty DWG. NAME. SCALE: Nome |REV. BY:
MGS_38Ht_R5 UNITS: In.[mm]|KaL

Figure 27. Bill of Materials, Test No. MGSMRH-1
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Figure 28. Test Installation Photographs, Test No. MGSMRH-1
50
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7 FULL-SCALE CRASH TEST NO. MGSMRH-1

7.1 Static Soil Test

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

The 2,599-1b (1,179-kg) passenger car impacted the 34-in. (864-mm) tall MGS at a speed
of 63.6 mph (102.4 km/h) and at an angle of 25.0 degrees. A summary of the test results and
sequential photographs are shown in Figure 29. Additional sequential photographs are shown in
Figures 30 through 33.
7.3 Weather Conditions

Test no. MGSMRH-1 was conducted on June 29, 2010 at approximately 11:45 am. The
weather conditions as per the National Oceanic and Atmospheric Administration (station

14939/LNK)) were reported and are shown in Table 5.

Table 5. Weather Conditions, Test No. MGSMRH-1

Temperature 78° F

Humidity 49 %

Wind Speed 5 mph

Wind Direction 60° from True North
Sky Conditions Sunny

Visibility 10 Statute Miles
Pavement Surface Dry

Previous 3-Day Precipitation 0.02 in.

Previous 7-Day Precipitation 1.32 in.
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7.4 Test Description

Initial vehicle impact was to occur 10 ft (3.0 m) upstream of the centerline of post no. 15,

as shown in Figure 34, which was selected using the critical impact point (CIP) plots found in

Section 2.3 of MASH. The actual point of impact was 10 ft — I in. (3.1 m) upstream from the

centerline of post no. 15. A sequential description of the impact events is contained in Table 6.

The vehicle came to rest facing downstream, located 190 ft — 5 in. (58.0 m) downstream from

impact and 5 ft — 11% in. (1.8 m) laterally behind the front face of the guardrail. The vehicle

trajectory and final position are shown in Figures 29 and 35.

Table 6. Sequential Description of Impact Events, Test No. MGSMRH-1

TIME EVENT
(sec)
0.000 The right side of the front bumper impacted the bottom corrugation of the W-beam
) guardrail 1 in. (25 mm) upstream of the intended impact location.
0.008 Post no. 14 deflected laterally backward.
0.024 Post no. 13 deflected laterally backward.
0.028 The right side of the front bumper contacted the blockout on post no. 14.
0.032 Post no. 15 deflected laterally backward, the posts upstream of impact twisted
' downstream.
0.038 The vehicle redirected downstream, and the engine hood became ajar.
0.042 The right side of the front bumper contacted the front face of post no. 14.
0.052 Rail flattening occurred at post no. 14, and the vehicle rolled away from the barrier.
0.056 Post no. 16 deflected laterally backward.
0.062 Post nos. 17 through 19 twisted upstream
0.094 The rail separated from post no. 15, and the right side of the front bumper contacted
) the upstream side of post no. 15 and disengaged from the vehicle.
0.106 Post no. 17 deflected laterally backward, and the vehicle continued to redirect and
) roll away from the barrier.
0.112 Right-front tire became airborne.
0.162 The rail downstream of post no. 15 contacted the base of the A-pillar, the vehicle
) rolled toward the barrier, and the front-right corner of the windshield cracked.
The right-rear quarter panel contacted the face of the rail just downstream of post
0.174 no. 14, the right side of the front bumper contacted the upstream side of post no. 16,

the rail separated from post no. 16, and the 16D double headed nail preventing

52




March 9, 2012
MwRSF Report No. TRP-03-255-12

blockout rotation in post no. 16 bent which allowed the top of the blockout to rotate
upstream.

0.180 The right side mirror disengaged from the vehicle.

0.188 Post no. 18 deflected laterally backward.

0.236 Post no. 17 twisted upstream, and the vehicle was parallel to the system with a
velocity of 43.8 mph (70.5 km/h).

0.262 The right-rear tire became airborne.

0.268 The rail separated from post no. 17.

0.290 The right-front tire contacted the upstream edge of the front flange of post no. 17.

0.304 The right-front Wheel rim contact'ed the upst'ream edge of the front flange of post
no. 17 and bent inward, and the right-front tire deflated.
The right-front tire contacted the ground as the vehicle continued to redirect and

0.386 roll toward the right.

0.438 The vehicle ceased to yaw.
The right-rear quarter panel lost contact with the rail between post nos. 17 and 18,

0.518 and the vehicle exited the system with a velocity of 39.3 mph (63.2 km/h) and at an
angle of 12.3 degrees.

0.528 Right-rear tire contacted the ground.

0.556 The vehicle ceased to roll to the right.

7.5 Barrier Damage

Damage to the barrier was moderate, as shown in Figures 36 through 45. Barrier damage

consisted of deformed guardrail posts, disengaged wooden blockouts, contact marks on posts and

guardrail, and deformed W-beam rail. The length of vehicle contact along the barrier was

approximately 25 ft — 10% in. (7.9 m) which spanned from 10 ft — 1 in. (3.1 m) upstream of the

centerline of post no. 15 to 35% in. (902 mm) upstream of post no. 18.

Red paint transfer was found on the rail between the impact location and post no. 18.

Minor kinks in the top and bottom corrugations of the rail were found between post nos. 12 and

19, as shown in Figure 38. Flattening and deformation of the rail occurred between post nos. 13

and 18. The bottom corrugation was flattened between post nos. 14 and 16. The bottom edge of

the rail was folded upward at post no. 14.
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The post bolt pulled through the slots in the rail at post nos. 15 through 17. There was a
¥-in. (19-mm) long tear in the bolt slot at post no. 15. There was a 2%-in. (57-mm) long tear and
a 1%-in. (38-mm) long tear on the upstream and downstream sides, respectively, of the bolt slot
on post no. 16. There was a 1%-in. (32-mm) long tear and a 1-in. (25-mm) long tear on the
upstream and downstream sides, respectively, of the bolt slot on post no. 17. There was a ¥z-in.
(10-mm) lateral separation between the W-beam sections in the splices between post nos. 12 and
13 and between post nos. 14 and 15. The splices between post nos. 14 and 15, 16 and 17, and 18
and 19 were extended s in. (3 mm) longitudinally. The splice damage is shown in Figures 41
and 42.

Contact marks were found on the front flange of post no. 14, on the upstream edge of the
front flange and on the face of the back flange of post no. 15, on the front flange and the
upstream side of the web of post no. 16 as well as on the corresponding blockout, and on both
the upstream edge of the front flange on post no. 17 and the corresponding blockout.

Post nos. 3 through 12 twisted downstream. Post no. 14 rotated backward, and the top of
the blockout rotated upstream. Post no. 15 was bent downstream and the blockout was
disengaged. The front flange of post no. 15 twisted upstream, and the downstream edge of the
front flange buckled at groundline. Post no. 16 was completely pulled out of the ground. The
post bolt was bent, and the blockout split. The back flange of post no. 16 buckled 44 in. (1,118
mm) from the top of the post. Post no. 17 bent and twisted downstream, and the top of the
blockout rotated upstream. The post bolt on post no. 17 bent, and the front flange was bent
outward at two locations along the upstream edge.

A soil gap measuring 17 in. (38 mm) was present on the upstream side of post no. 1, as
shown in Figure 40. A soil gap measuring ¥ in. (10-mm) was present on the downstream side of

post no. 2. A '/1¢-in. (2-mm) soil gap was present on the front face of post nos. 12 and 18. A 1%-
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in. (32-mm) soil gap was present on the front face of post no. 13. Soil gaps measuring 2% in. (64
mm) and 2 in. (51 mm) were present on the front and back faces of post no. 14, respectively. A
3-in. (76-mm) soil gap was present on the front side of post no. 15. A soil crater was present at
the base of post no. 16. A '/j¢-in. (2-mm) soil gap was present on the back face of post no. 18.

The maximum permanent set rail and post deflections of the barrier system were 18% in.
(464 mm) at the midspan between post nos. 15 and 16 and 17 in. (432 in.) at post no. 16,
respectively, as measured in the field. The maximum lateral dynamic rail and post deflections
were 29.0 in. (737 mm) at the midspan between post nos. 15 and 16 and 20.2 in. (513 mm) at
post no. 16, respectively, as determined from high-speed video analysis. The working width of
the system was found to be 49.4 in. (1,255 mm), also determined from high-speed digital video
analysis.

7.6 Vehicle Damage

The damage to the vehicle was moderate, as shown in Figures 46 through 49. The
maximum occupant compartment deformations are listed in Table 7 alongside the deformation
limits established in MASH for various areas of the occupant compartment. It should be noted
that none of the MASH established deformation limits were violated. Complete occupant
compartment and vehicle deformations and the corresponding locations are provided in
Appendix D.

Contact marks spanned the length of the right side of the vehicle. Part of the plastic
covering from the right tail light disengaged. Two dents were located along the right-rear quarter
panel, and there was a 1%-in. (32-mm) gap between the right-rear quarter panel and the right side
of the rear bumper. Small dents were found in the right-rear and right-front doors. The right-front

fender and wheel well cover crushed inward. A 5-in. (127-mm) long tear was located in the
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Table 7. Maximum Occupant Compartment Deformations by Location, Test No. MGSMRH-1

MAXIMUM MASH ALLOWABLE
LOCATION DEFORMATION DEFORMATION
in. (mm) in. (mm)
Wheel Well & Toe Pan Y (19) <9 (229)
Floor Pan & Transmission Tunnel 7 (13) <12 (305)
Side Front Panel (in Front of A-Pillar) 7 (13) <12 (305)
Side Door (Above Seat) Ya (6) <9 (229)
Side Door (Below Seat) Ya (6) <12 (305)
Roof NA <4 (102)
Windshield NA <3 (76)

right-front fender. The right side mirror disengaged, and the mirror mount fractured. The base of
the right-side A-pillar crushed inward. The right-front tire deflated and the rim folded inward.
The upper control arm connector on the right-front wheel bent at the thread location. The right-
front hood corner crushed inward. The right-side bumper cover and foam disengaged. The right-
side headlight disengaged and was fractured. The bumper cover was pulled down %2 in. (13 mm).
The left side of the hood was ajar. The antenna disengaged. The windshield washer fluid
container was dented, cracked, and leaking fluid. The drive linkage was leaking fluid at the
transmission housing. Minor scraping was found near the bumper connection to the unibody.
Minor spiderweb cracking was found at the right side of the windshield along the entire height of
the windshield. All other window glass, the roof, the rear, and the left side of the vehicle were
undamaged.
7.7 Occupant Risk

The calculated occupant impact velocities (OIVs) and maximum 0.010-sec occupant
ridedown accelerations (ORAs) in both the longitudinal and lateral directions are shown in Table

8. It is noted that the OIVs and ORAs were within the suggested limits provided in MASH. The
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calculated THIV, PHD, and ASI values are also shown in Table 8. The results of the occupant
risk analysis, as determined from the accelerometer data, are summarized in Figure 29. The
recorded data from the accelerometers and the rate transducers are shown graphically in

Appendix E.

Table 8. Summary of OIV, ORA, THIV, PHD, and ASI Values, Test No. MGSMRH-1

. Lo Transducer MASH
Evaluation Criteria .
EDR-3 DTS Limits
oIV Longitudinal | -15.56 (-4.74) | -15.84 (-4.83) | <40 (12.2)
ft/s (m/s) Lateral 217.65 (-5.38) | -19.03 (-5.80) | <40 (12.2)
ORA Longitudinal -8.45 -8.41 <20.49
g's Lateral 8.17 9.19 <20.49
THIV .
fit/s (mis) NA 22.94 (6.99) not required
P;]_,ISF) NA 11.29 not required
ASI 0.90 0.90 not required

7.8 Discussion

The analysis of the test results for test no. MGSMRH-1 showed that the 34-in. (864-mm)
tall MGS adequately contained and redirected the 1100C vehicle with controlled lateral
displacements of the barrier. There were no detached elements nor fragments which showed
potential for penetrating the occupant compartment nor presented undue hazard to other traffic.
Deformations of, or intrusions into, the occupant compartment that could have caused serious
injury did not occur. The test vehicle did not penetrate nor underride the barrier and remained
upright during and after the collision. Vehicle roll, pitch, and yaw angular displacements were

deemed acceptable because they did not adversely influence occupant risk safety criteria nor
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cause rollover. After impact, the vehicle exited the barrier at an angle of 12.3 degrees and its
trajectory did not violate the bounds of the exit box. Therefore, test no. MGSMRH-1 conducted
on the 34-in. (864-mm) tall MGS was determined to be acceptable according to the MASH

safety performance criteria for test designation no. 3-10.

58



6S

-
0.038 sec
|—32'-9§" [10.0 m]}—|
I
14°-9}" [45 m]
2500 ~— I RF Tire

LA A L L B B

T T
4 5 6 7 8 9 10 11 12 13|14 15 18 17 18 19 20 21 22 23 24 25 26 27 28 29

T &y

} 190'-5" [58.0 m) i ik I
TSt AEIICY vttt sttt ettt st MwRSF
Test Number. ..MGSMRH-1 ;
DALE et 6/29/10 i
MASH Test DeSignation........c.couvueueueeeririnieueuiininirieieieentsieeereeseseseeseeeeseens 3-10 i
Test Article.....oooveinieeeieieeieeeeeeee 34-in. (864-mm) Tall MGS Guardrail Lo
TOtAl LNt .ovoooooooooeeeoeeeeeoeeeeeeeeeeeee e 175 ft (53.3 m) p [l
Key Component — Steel MGS Rail :i
THICKNESS...vvevieietiieieieerieeeee e 12 gauge (2.66 mm) E
Top Mounting Height........c.ccoerrinniniiiieeeeceeees 34 in. (864 mm) . . . j
Key Component — Steel Posts Maximum Test Article Deflections 1 b1
Yy p Ve
POSE SPACHIE oo 75 in. (1,905 mm) POIMANCNE Set.vsvvsvssrrsssrsrsssss e 18 in. (464 mm)
pacing
Post Dimensions........... W6x8.5 x 72 in. long (W152x12.6 x 1.829 mm) Dynamic........... - 29.0 in. (737 mm)
Ermbedment DEpth.......ooeooooooeoeos oo 37 in. (940 mm) . Working Wldth ................................................................ 49.4 in. (1,255 mm)
Key Component — Wood Spacer Blocks Maximum Angular Displacements . i
Dimensions.............__ 6x 12 x 72 in. (152 x 305 x 1,829 mm) Rollh. ............................................................................................. —10.? ° z 75O
SO TYPE e Grade B, AASHTO M147-65 (1990) f(‘:;v ' - 3 67850
Vehicle Make /Model.......c.ccoeveieinnneeeinnieeeccreeeeeceseen 2003 Kia Rio U A e :
2,401 Ib (1,089 kg) Impact Severity (IS).....cccccoveenenennnene 58.7 kip-ft (79.5 kJ) > 51.4 kip-ft (69.7 kJ)
................................................................ 2,429 1b (1,102 kg) Transducer Data
................................................................ 2,599 1b (1,179 kg) Evaluation Criteria Transducer MASH
Impact Conditions EDR-3 DTS Limit
SPEEA .t 63.6 mph (102.4 km/h) o1V Longitudinal -15.56 (-4.74) -15.84 (-4.83) <40
ANGLE oo 25.0 deg ft/s (12.2)
Impact Location .................. 10 ft— 1 in. (3.1 m) upstream of post no. 15 (m/s) Lateral -17.65 (-5.38) -19.03 (-5.80) <40
Exit Conditions (12.2)
SPEEA .o 39.3 mph (63.2 km/h) Longitudinal -8.45 -8.41 <20.49
Angle .... 12.3 deg OI}A
EXit BOX CTHETION oo vvvveerssaneeessessssseeesesssssssssesessssssssssesesssssssssnnas Pass gs Lateral -8.17 9.19 <2049
Vehicle Stability.......cccccvirieieieiiirinirieiccireeeee e Satisfactory
Vehicle Stopping Distance..........cccccoceueuenee. 190 ft — 5 in. (58.0 m) downstream THIV — ft/s (m/s) NA 22.94 (6.99) not
5ft— 11% in. (1.8 m) laterally behind required
Moderate PHD - g’s NA 11.29 not
VDS 01-RFQ-5 required
CDCP et 01-RYAW-5 ASI 0.90 0.90 not
Maximum Interior Deformation .. % in. (19 mm) required
Test Article Damage ........c.ceeeeviririeieininirieieicceiee e Moderate

Figure 29. Summary of Test Results and Sequential Photographs, Test No. MGSMRH-1
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Figure 30. Additional Sequential Photographs, Test No. MGSMRH-1
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0.244 sec - 0.488 sec

Figure 31. Additional Sequential Photographs, Test No. MGSMRH-1
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Figure 32. Additional Sequential Photographs, Test No. MGSMRH-1
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0.158 sec 1.254 sec

0.518 sec 2.254 sec

Figure 33. Additional Sequential Photographs, Test No. MGSMRH-1
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Figure 34. Impact Location, Test No. MGSMRH-1
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Figure 35. Vehicle Final Position and Trajectory Marks, Test No. MGSMRH-1
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Figure 36. System Damage, Test No. MGSMRH-1
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Figure 37. System Damage, Test No. MGSMRH-1
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Figure 38. System Damage, Test No. MGSMRH-1
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Figure 39. System Damage, Test No. MGSMRH-1
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Figure 40. Soil Gap at Upstream End Anchor, Test No. MGSMRH-1
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Figure 46. Vehicle Damage
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Figure 47. Vehicle Damage, Test No. MGSMRH-1
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Figure 48. Occupant Compartment Damage, Test No. MGSMRH-1
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Figure 49. Undercarriage Damage, Test No. MGSMRH-1
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8 DESIGN DETAILS - 36-IN. (914-mm) TOP RAIL MOUNTING HEIGHT

The W-beam guardrail system tested in test no. MGSMRH-2 was identical to that of test
no. MGSMRH-1, except that the top rail mounting height was increased from 34 in. (864 mm) to
36 in. (914 mm), as shown in Figures 50 through 52. The line posts, post no. 3 through 27, were
embedded to a depth of 35 in. (889 mm), such that the top of the post was 37 in. (940 mm) from
the ground. Similar to test no. MGSMRH-1, the top of the BCT anchor posts were 32 in. (813
mm) from the groundline. The center of the guardrail was mounted 2% in. (54 mm) from the top
of the BCT timber post. A full set of design details is shown in Appendix F. Photographs of the
test installation are shown in Figure 53. Material specifications, mill certifications, and

certificates of conformity for the system materials are shown in Appendix A.
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Figure 53. Test Installation Photographs, Test No. MGSMRH-2
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9 FULL-SCALE CRASH TEST NO. MGSMRH-2

9.1 Static Soil Test

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

The 2,583-1b (1,172-kg) passenger car impacted the 36-in. (914-mm) MGS at a speed of
64.1 mph (103.2 km/h) and at an angle of 25.6 degrees. A summary of the test results and
sequential photographs are shown in Figure 54. Additional sequential photographs are shown in
Figures 55 through 57. Documentary photographs of the crash test are shown in Figure 58.
9.3 Weather Conditions

Test no. MGSMRH-2 was conducted on September 9, 2010 at approximately 2:45 pm.
The weather conditions as per the National Oceanic and Atmospheric Administration (station

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

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

Temperature 77° F

Humidity 71%

Wind Speed 15 mph

Wind Direction 130° from True North
Sky Conditions Overcast

Visibility 10 Statute Miles
Pavement Surface Dry

Previous 3-Day Precipitation 0.01 in.

Previous 7-Day Precipitation 0.01 in.
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9.4 Test Description

Initial vehicle impact was to occur 10 ft (3.0 m) upstream of the centerline of post no. 15,

as shown in Figure 59, which was selected using the CIP plots found in Section 2.3 of MASH.

The actual point of impact was 9 ft — 8 in. (2.9 m) upstream of post no. 15. A sequential

description of the impact events is contained in Table 10. The vehicle came to rest facing

downstream at 129 ft — 9 in. (39.5 m) downstream of the initial impact point and 61 ft — 1 in.

(18.6 m) laterally away from the front of the rail. The vehicle trajectory and final position are

shown in Figures 54 and 60.

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

TIME EVENT
(sec)
0.000 The right headlight contacted the bottom corrugation of the rail downstream of the
) intended impact location.
0.006 Post no. 14 deflected laterally backward, and the right side of the front bumper
) contacted the rail between post nos. 13 and 14.
0.018 Post no. 13 deflected laterally backward, and the engine hood became ajar.
0.024 The vehicle rolled toward the left.
0.030 Post no. 15 deflected laterally backward, and the posts upstream of impact twisted
' downstream.
0.040 A buckle point formed in the rail at post no. 15.
0.060 The vehicle began to redirect downstream.
The rail separated from post no. 15 as the right side of the front bumper contacted
0.078
the blockout on post no. 15.
0.038 The front bumper contacted the upstream flange of post no. 15 as the right-front tire
) became airborne.
0.106 The surrogate occupant’s head contacted the right-front window causing the
) window to shatter, and post no. 17 deflected laterally backward.
0.132 The rail released from post no. 16.
0.162 The vehicle rolled toward the right, and post no. 18 deflected laterally backward.
0.170 The right-rear tire became airborne.
0.182 The right side of the front bumper contacted the upstream side of post no. 16.
0.208 Right-rear quarter panel contacted the rail.
0.232 The right-rear tire contacted the upstream side of post no. 15.
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0.262 The vehicle was parallel to the system with a velocity of 41.1 mph (66.1 km/h).

0.276 The right-front tire contacted the upstream side of post no. 17.

0.532 Vehicle rolled toward the left.

The vehicle exited the system at a speed of 36.2 mph (58.3 km/h) and at an angle of

0.562 21.9 degrees as the right-rear quarter panel lost contact with the rail at post no. 18.

9.5 Barrier Damage

Damage to the barrier was moderate, as shown in Figures 61 through 67. Barrier damage
consisted of deformed W-beam rail, contact marks on the sections of guardrail and posts, and
deformed steel posts. The length of vehicle contact along the barrier was approximately 28 ft — 3
in. (8.6 m) which spanned from 9 ft — 8 in. (2.9 m) upstream of the centerline of post no. 15
through 2 in. (51 mm) upstream of the centerline of post no. 18.

Deformation and flattening of the W-beam guardrail occurred between post nos. 14 and
16. A buckle point occurred in the W-beam at post no. 18. A kink occurred in the W-beam’s top
corrugation at 22% in. (572 mm) downstream of post no. 18. The W-beam guardrail was
detached from post nos. 15 through 17 as the bolt head was pulled through the rail. The slot in
the rail at post no. 18 was deformed.

Post nos. 13 and 14 rotated backward. Post nos. 15 through 17 bent and deflected
downstream. Post nos. 15 and 17 were also twisted downstream. The front flange of post no. 15
was slightly deformed, and a buckle on the downstream side of the front flange was located 40
in. (1,029 mm) from the top of the post. Post no. 16 was twisted upstream. A buckle on the
downstream side of the front flange of post no. 16 was located 44 in. (1,118 mm) from the top of
the post. The wood blockouts detached from post nos. 15 through 17.

A %-in. (19-mm) soil gap was present at the upstream face of post no. 1, as shown in
Figure 63. A "&-in. (3-mm) soil gap was present on the front face of post no. 12. A Y4-in. (6-mm)

soil gap was present on the back face of post no. 13 and the front face of post no. 18. A 1-in. (25-
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mm) soil gap was present on the front face of post no. 13. A 3%-in. (89-mm) soil gap was
present at the front face of post no. 14, and a 1%-in. (32-mm) soil gap was present at the back
face. A 2'4-in. (64-mm) soil gap was present at the front face of post nos. 15 and 16. A 3-in. (76-
mm) soil gap was present at the upstream face of post no. 16. A 1%-in. (44-mm) soil gap was
present at the upstream face of post no. 17, and a 2-in. (51-mm) soil gap was present at the front
face. A ¥-in. (10-mm) soil gap was present at the back face of post no. 18. A 39-in. diameter by
2%-in. tall (991- x 70-mm) soil heave was present at post no. 14. A 37-in. diameter by 2-in. tall
(940- x 51-mm) soil heave was present at post no. 16.

The maximum permanent set rail and post deflections were 16% in. (425 mm) at the
midspan between post nos. 15 and 16 and 15% in. (394 mm) at post no. 15, respectively, as
measured in the field. The maximum lateral dynamic set rail and post deflections were 23.5 in.
(597 mm) at post no. 15 and 15.9 in. (404 mm) at post no. 15, respectively, as determined from
high-speed digital video analysis. The working width of the system was 40.5 in. (1,029 mm),
also determined from high-speed digital video analysis.

9.6 Vehicle Damage

The damage to the vehicle was moderate, as shown in Figures 68 through 71. The
maximum occupant compartment deformations are listed in Table 11 with the deformation limits
established in MASH for various areas of the occupant compartment. It should be noted that
none of the MASH established deformation limits were violated. Complete occupant
compartment and vehicle deformations and the corresponding locations are provided in
Appendix D.

The majority of the damage was concentrated on the right-front corner and right side of
the vehicle where the impact occurred. The right fender was crushed back and inward. A fold

was present in the right fender above the wheel. The right-front wheel was scuffed. The right-
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Table 11. Maximum Occupant Compartment Deformations by Location, Test No. MGSMRH-2

MAXIMUM MASH ALLOWABLE
LOCATION DEFORMATION DEFORMATION
in. (mm) in. (mm)
Wheel Well & Toe Pan 72 (13) <9 (229)
Floor Pan & Transmission Tunnel Y4 (19) <12 (305)
Side Front Panel (in Front of A-Pillar) Va (6) <12 (305)
Side Door (Above Seat) Ya (6) <9 (229)
Side Door (Below Seat) V2 (13) <12 (305)
Roof NA <4 (102)
Windshield NA <3 (76)

front door was ajar, and there was a 2'2-in. (64-mm) gap between the right-front door and fender.
The right-front window shattered. Scraping and denting occurred across the top of the right-side
doors. There was a dent in the roof above the right-side doors. The right-rear door and right-rear
quarter panel were scraped. A 16-in. (406-mm) long dent was present in the right-rear quarter
panel. The right corner of the trunk and taillight were scuffed. A %-in. (19-mm) gap was present
between the left fender and the left-front door. The right side of the hood was crushed inward,
and a buckle was present in the left side of the hood. The right side of the bumper cover was
disengaged, and the right side of the bumper was dented. The radiator was pushed inward and the
vehicle frame around the radiator bent. The windshield washer fluid container was broken.
Power steering fluid was present beneath the vehicle. The grill fractured. The left headlight was
partially disengaged. The right headlight fractured. Cracking occurred on the right side of the
windshield, and a fold in the glass was present 2%-in. (57-mm) from the right side. The

remaining window glass was undamaged.
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9.7 Occupant Risk

The calculated occupant impact velocities (OIVs) and maximum 0.010-sec occupant
ridedown accelerations (ORAs) in both the longitudinal and lateral directions are shown in Table
12. Tt is noted that the OIVs and ORAs were within the suggested limits provided in MASH. The
calculated THIV, PHD, and ASI values are also shown in Table 12. The results of the occupant
risk analysis, as determined from the accelerometer data, are summarized in Figure 54. The
recorded data from the accelerometers and the rate transducers are shown graphically in

Appendix G.

Table 12. Summary of OIV, ORA, THIV, PHD, and ASI Values, Test No. MGSMRH-2

, T Transducer MASH
Evaluation Criteria .
EDR-3 EDR-4 DTS Limits
oy Longitudinal | -17.46 (-5.32) | -16.26 (-4.96) | -17.44 (-5.32) | <40 (12.2)
fs (m/s) Lateral | -18.08 (-5.51) | -16.27 (-4.96) | -18.87 (-5.75) | <40 (12.2)
ORA Longitudinal -9.16 -7.95 -9.27 <20.49
gs Lateral -9.27 -7.85 -8.64 <20.49
THIV .
ft/s (m/s) NA 23.30 (7.10) 23.14 (7.05) not required
P;SD NA 10.35 11.19 not required
ASI 0.87 0.80 0.90 not required

9.8 Discussion

The analysis of the test results for test no. MGSMRH-2 showed that the 36-in. (914-mm)
tall MGS adequately contained and redirected the 1100C vehicle with controlled lateral
displacements of the barrier. There were no detached elements nor fragments which showed

potential for penetrating the occupant compartment nor presented undue hazard to other traffic.
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Deformations of, or intrusions into, the occupant compartment that could have caused serious
injury did not occur. The test vehicle did not penetrate nor underride the barrier and remained
upright during and after the collision. Vehicle roll, pitch, and yaw angular displacements were
deemed acceptable because they did not adversely influence occupant risk safety criteria nor
cause rollover. After impact, the vehicle exited the barrier at an angle of 21.9 degrees. The
vehicle trajectory did violate the bounds of the exit box as the vehicle was smoothly redirected.
However, the exit box criteria is preferable but not a test requirement. Therefore, test no.
MGSMRH-2 conducted on the 36-in. (914-mm) tall MGS was determined to be acceptable

according to the MASH safety performance criteria for test designation no. 3-10.
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TESt AEIICY ..ttt ettt MwRSF
Test NUMDET ... MGSMRH-2
DAe oo 9-9-2010
MASH Test Designation..........cceeueueueririeueueuierineeiereeeesesieeeneeseeseeeneseesnenens 3-10
Test Article................. 36-in. (914-mm) Tall MGS
Total Length .....c.cccoinviieeiiinincccrecctreet et 175 ft (53.3 m)
Key Component — Steel MGS Rail

TRICKNESS. ...ttt 12 gauge (2.66 mm)

Top Mounting Height..........ccooeiiiiiiniinencieeee 36 in. (914 mm)
Key Component — Steel Posts

POSt SPACING ...cvvieeiieieeecreeeteee e 75 in. (1,905 mm)

Post Dimensions.......... W6x8.5 x 72 in. long (W152x12.6 x 1,829 mm)

Embedment Depth........c.coooeeeininneeininreeccneeeene 35 in. (889 mm)
Key Component — Wood Spacer Blocks

Dimensions. .......c.ccceveereereenenne. 6x12x 72 in. (152 x 305 x 1,829 mm)
Soil Type........... ...Grade B, AASHTO M147-65 (1990)
Vehicle Make /Model..........ccccivininiieiinnicceerireeeceeee e 2004 Kia Rio

Curb.............. ..2,4491b (1,111 kg)

Test Inertial .. ..2,412 1b (1,094 kg)

GIOSS SLALIC .o.vveeenieteieteieereeeee e 2,583 1b (1,172 kg)
Impact Conditions

Speed 64.1 mph (103.2 km/h)

Angle ........... 25.6 deg

Impact Location .......c..ccce...... 9 ft - 8 in. (2.9 m) upstream of post no. 15
Exit Conditions

SPEEA e 36.2 mph (58.3 km/h)

ANGLE oottt 21.9 deg
EXit BOX CIItEION ...c.eeiiiicieirie ettt Fail
Vehicle Stability.............

Vehicle Stopping Distance ..129 ft— 9 in. (39.5 m) downstream

61 ft — 1 in. (18.6 m) laterally away

e  Vehicle Damage ... ..Moderate
VDSPY . ..01-RFQ-5
CDCP.corecevene .01-RYAN-5
Maximum Interior Deformation... .. % in. (19 mm)

. Test Article Damage........covevreeieieieierieirieeeeeeeteeetese et Moderate

. Maximum Test Article Deflections
Permanent Set.........ccoeeieerieinieirieiireeeee e 16% in. (425 mm)
Dynamic ...23.51n. (597 mm)
Working Width........ccocoiiineiniieneeeeeeeeee 40.5 in. (1,029 mm)

e  Maximum Angular Displacements
ROttt -10.8 ° < 75°
PIECR ottt -24°<75°
Y AW .ottt ettt -453°

. Impact Severity (IS)....c.cccovrvevececrnnene 61.9 kip-ft (83.9 kJ) > 51.4 kip-ft (69.7 kJ)

. Transducer Data

Evaluation Criteria Transducer MASH
EDR-3 EDR-4 DTS Limit
L -17.46 -16.26 -17.44 <40
?é‘s’ Longitudinal | 55, (-4.96) (-5.32) (12.2)
(m/s) Lateral -18.08 -16.27 -18.87 <40
(-5.51) (-4.96) (-5.75) (12.2)
ORA Longitudinal -9.16 -7.95 -9.27 <20.49
gs Lateral 927 -7.85 -8.64 <20.49
23.30 23.14 not
THIV —fi/s (m/s) NA (1.10) (7.05) required
PHD - g’s NA 10.35 11.19 not
required
ASI 0.87 0.80 0.90 not
required

Figure 54. Summary of Test Results and Sequential Photographs, Test No. MGSMRH-2

T1-$ST-€0-d L "ON Hodoy JSYMN

T10T ‘6 UYdIeIN



March 9, 2012
MwRSF Report No. TRP-03-255-12

0.018 sec
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Figure 55. Additional Sequential Photographs, Test No. MGSMRH-2
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0.38 sec

Figure 56. Additional Sequential Photographs, Test No. MGSMRH-2
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Figure 57. Additional Sequential Photographs, Test No. MGSMRH-2
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Figure 58. Documentary Photographs, Test No. MGSMRH-2
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Figure 59. Impact Location, Test No. MGSMRH-2
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Figure 60. Vehicle Final Position and Trajectory Marks, Test No. MGSMRH-2
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Figure 61. System Damage, Test No. MGSMRH
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Figure 62. System Damage, Test No. MGSMRH-2
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Figure 63. Soil Gap at Upstream End Anchor, Test No. MGSMRH-2
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Test No. MGSMRH-2

Figure 64. Post-To-Rail Bolt Hole Damage,
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Figure 65. Post Damage, Test 0. MGSMRH-2
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Test No. MGSMRH-2
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Figure 68. Vehicle Damage, Test No. MGSMRH-2
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Figure 69. Vehicle Damage, Test No. MGSMRH-2
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Figure 70. Occupant Compartmnt Damage, Test No. MGSMRH-2
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Figur 71. Uﬂdercrriage Darhge, Test No. MGSMRH-2
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10 SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

This study set out to evaluate the maximum allowable rail mounting height for the MGS
when impacted by a small passenger vehicle. All safety performance evaluations were performed
using the criteria found in MASH. Two full-scale crash tests were run on the steel-post MGS
with different rail mounting heights. The barrier system test installations were 175 ft (53.3 m)
long. A summary of the safety performance evaluation of the two full-scale crash tests is
provided in Table 13.

The first full-scale crash test, test no. MGSMRH-1, was performed on the MGS with a
top rail mounting height of 34 in. (864 mm). The system incorporated 72-in. (1,829-mm) long,
W6x9 (W152x13.4) steel posts with an embedment depth of 37 in. (940 mm). The test consisted
of a 2,599-Ib (1,179-kg) passenger car impacting the barrier system at a speed of 63.6 mph
(102.4 km/h) and at an angle of 25.0 degrees. During the test, the vehicle was smoothly
redirected without any significant snagging or vehicle underride. The maximum permanent set
and dynamic deflections were 18% in. (464 mm) and 29.0 in. (737 mm), respectively. The
working width of the system was found to be 49.4 in. (1,255 mm). The test results were found to
meet all of the MASH safety requirements for test designation 3-10.

The second full-scale crash test, test no. MGSMRH-2, was performed on the MGS with a
top rail mounting height of 36 in. (914 mm). The system incorporated 72-in. (1,829-mm) long,
W6x9 (W152x13.4) steel posts with an embedment depth of 35 in. (889 mm). The test consisted
of a 2,583-Ib (1,172-kg) passenger car impacting the barrier system at a speed of 64.1 mph
(103.2 km/h) and at an angle of 25.6 degrees. During the test, the vehicle was smoothly
redirected without any significant snagging or vehicle underride. The maximum permanent set

and dynamic deflections were 16% in. (425 mm) and 23.5 in. (597 mm), respectively. The
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working width of the system was found to be 40.5 in. (1,029 mm). The test results were found to
meet all of the MASH safety requirements for test designation 3-10.
10.1 Discussion

Wheel snag did not pose a significant threat to the vehicle in test nos. MGSMRH-1 or
MGSMRH-2. In test no. MGSMRH-1, wheel snag occurred when the right-front tire contacted
the upstream edge of the front flange of post no. 17. At that time, post no. 17 was not attached to
the rail. After contact with the wheel, the post twisted and bent downstream. Wheel snag did not
occur in test no. MGSMRH-2, and the vehicle was smoothly redirected.

Rail snag under the hood did not occur for either test. For the 32-in. (8 13-mm) tall MGS,
the corner of the 1100C vehicle hood was located above the top corrugation of the rail. In test
nos. MGSMRH-1 and MGSMRH-2, the corner of the hood was located between the corrugations
of the rail, as shown in Figures 8 and 9. As a result, the corner of the hood slid into the valley of
the W-beam and crumpled, jarring the hood open.

During redirection, the rail deflected upward as it released from the posts and slid up the
side of the vehicle. The vehicle contacted the detached posts and overrode them, which caused
the vehicle to pitch upward and roll away from the barrier, as shown in Figures 72 and 73. In
both tests, the vehicle reached a maximum roll angle of about 11 degrees and pitched upward
about 2 degrees. As the vehicle rolled away from the barrier, the right side of the vehicle that was
in contact with the rail moved upward. As a consequence, the rail slid up the vehicle, contacted
the base of the A-pillar, and did not slide any higher. At this same time, the rail was applying a

downward force on the vehicle which counteracted the vehicle roll.
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Table 13. Summary of Safety Performance Evaluation Results

Evaluation Evaluation Criteria Test No. Test No.
Factors MSGMRH-1 | MGSMRH-2
Test article should contain and redirect the vehicle or bring the vehicle to a
Structural controlled stop; the vehicle should not penetrate, underride, or override the S S
Adequacy installation although controlled lateral deflection of the test article is acceptable.
Detached elements, fragments or other debris from the test article should not
penetrate or show potential for penetrating the occupant compartment, or present
an undue hazard to other traffic, pedestrians, or personnel in a work zone. S S
Deformations of, or intrusions into, the occupant compartment should not exceed
limits set forth in Section 5.3 and Appendix E of MASH.
The vehicle should remain upright during and after collision. The maximum roll
. S S
and pitch angles are not to exceed 75 degrees.
Occupant Impact Velocities (OIV) (see Appendix A, Section A5.3 of MASH for
0 calculation procedure) should satisfy the following limits:
ccupant
Risk Occupant Impact Velocity Limits S S
Component Preferred Maximum
Longitudinal and Lateral 30 ft/s (9.1 m/s) 40 ft/s (12.2 m/s)
The Occupant Ridedown Acceleration (ORA) (see Appendix A, Section A5.3 of
MASH for calculation procedure) should satisfy the following limits:
Occupant Ridedown Acceleration Limits S S
Component Preferred Maximum
Longitudinal and Lateral 15.0¢g’s 20.49 g’s

S — Satisfactory U — Unsatisfactory  NA - Not Applicable
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36-in. (914-mm) tall rail

Figure 72. Vehicle-to-Rail Interaction
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Figure 73. Vehicle-to-Rail Interaction
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The MGS performed very similarly with mounting heights at 32, 34, and 36 in. (813, 864,

and 914 mm). A summary of the barrier performances are shown in Table 14.

Table 14. Comparison of Wheel Snag and Barrier Underride Factors

Test No.
Parameter Units
2214MG-3 MGSMRH-1 MGSMRH-2
. . in.

Barrier Height (mm) 32 (813) 34 (864) 36 (914)
Maximum Floorpan in. . . .
Deflection near Wheel Well | (mm) 74 (6) 7+ (6) 4 (6)
Maximum Lateral Rail in.
Dynamic Deflections (mm) 35.9 (913) 29.0 (737) 23.5(597)
Longitudinal OIV (rfrtl//Z) -14.83 (-4.52) -15.56 (-4.74) -17.46 (-5.32)
Longitudinal ORA g’s -16.14 -8.45 -9.16
Exit Speed mph 30.1 (48.4) 39.3 (63.2) 36.2 (58.3)

(km/h) . . . . . .
Exit Angle deg. 14.1 12.3 21.9

s . 1.6 11.1 away from | 16.5 away from

Exit Orientation Angle deg. toward barrier barrier barrier
Maximum Roll Angle
during Redirection deg. -12.8 -10.6 -10.8
Maximum Pitch Angle
during Redirection deg. 1.2 1.9 1.6

The 32-in. (813-mm) tall MGS showed greater wheel snag than the 34- or 36-in. (864- or

914-mm) tall MGS, as evidenced by the high ORA value, the damage to the wheel, and the

disparity between the exit angle and the exit orientation angle. The wheel snag and barrier

underride performances observed in tests MGSMRH-1 and MGSMRH-2 were nearly identical to

one another. Both the 34- and 36-in. (864- and 914-mm) tall MGS had similar OIV and ORA

values. The exit angle and exit orientation angle were both higher for the 36-in. (914-mm) tall
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MGS than the 34-in. (864-mm) MGS, but the vehicle appeared to exit the system with all wheels
tracking in those systems.

System damage differed between the 32-, 34-, and 36-in. (813-, 864-, and 914-mm) tall
MGS, as shown in Figure 74. In test no. 2214MG-3, the 32-in. (813-mm) tall MGS rail did not
fully flatten, although rail kinking occurred between post nos. 13 and 17 and the rail lifted
approximately 17 in. (38 mm). In test no. MGSMRH-1, the 34-in. (864-mm) MGS rail was not
fully flattened, but the corrugations were compressed between post nos. 14 and 17, and the rail
lifted approximately 2% in. (64 mm). In test no. MGSMRH-2, the lower corrugation of the 36-in.
(914-mm) tall MGS was flattened beginning at the splice between post nos. 14 and 15 and
ending at the splice between post nos. 16 and 17. The rail was lifted approximately 3 in. (76
mm), and the degree of rail twist was greater than the twist in the 32- and 34-in. (813- and 864-
mm) tall MGS.

The post-soil interaction also differed between the systems. Soil comparisons cannot be
made between test no. 2214MG-3 and test nos. MGSMRH-1 and MGSMRH-2, as the soil
compaction method was not the same. The lateral post deflections seen in test no. MGSMRH-1
were, on average, larger than the lateral post deflections seen in test no. MGSMRH-2. The static
soil strength data for each system is shown in Figure 75. The 34-in. (864-mm) tall MGS had
slightly stiffer soil at the time of the test, but the overall rail deflection was greater than the
deflection of the 36-in. (914-mm) tall MGS. However, more posts were deformed during the test

of the 36-in. (914-mm) tall MGS.
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Figure 74. System Damage Comparison
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10.2 Future Work

Current MASH FHWA approval for the MGS consists of a nominal 31-in. (787-mm) top
rail mounting height. The crash tests reported herein indicate that there exists a considerable
factor-of-safety applicable to barrier height. However, a taller MGS is not ready for MASH
approval as more research must be performed on the system.

Phase II of this project will utilize LS-DYNA computer simulation to investigate several
issues related to increased rail height (and corresponding decreased post embedment depth),
including: (1) the 2270P behavior; (2) the effects on the end anchorages due to increased cable
anchor angle; (3) the non-blocked MGS; and (4) end terminals and the possibility of a transition

between the 31-in. (787-mm) rail to a higher rail height.
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Table A-1. Material Certification Listing for Test No. MGSMRH-1

Item No.
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Midwest Guardrail System at 34" Rail Height

Description
W6x8.5 72in [W152x12.6 1829] long Steel Post
6"x12"x14 1/4" [152x305x362] Blockout
12'-6" [3810] W-Beam MGS Section
12'-6" [3810] W-Beam MGS End Section
6'-3" [1905] W-Beam MGS Section
16D Double Head Nail
72" [1829] Foundation Tube

BCT Timber Post -MGS Height

Strut and Yoke Assembly

BCT Cable Anchor Assembly

Anchor Bracket Assembly

8"x8"x5/8" [203x203x15.9] Anchor Bearing Plate

23/8" [60] O.D.x 6" [152] long BCT Post Sleeve

5/8"Dia. X 11/2" [M16 x 38] long Guardrail Bolt and Nut
5/8"Dia. X 10" [M16 x 254] long Guardrail Bolt and Nut
5/8"Dia. X 14" [M16 x 356] long Guardrail Bolt and Nut
5/8"Dia. X 11/2" [M16 x 38] long Hex Head Bolt and Nut
5/8"Dia. X 10" [M16 x 254] long Hex Head Bolt and Nut
5/8"Dia. [15.9] Flat Washer

3/4"Dia. X 71/2" [M20 x 191] long Hex Head Bolt and Nut
3/4"Dia. [19.1] Flat Washer

Material Spec
ASTM A36 Steel
SYP Grade No.1 or better
12 gauge [2.7] AASHTO M180
12 gauge [2.7] AASHTO M180
12 gauge [2.7] AASHTO M180
ASTM AS500 Grade B
SYP Grade No. 1 or better (No knots, 18" [457] above
or below ground tension face)
ASTM A36 Steel Galvanized
3/4"Dia. [19] 6x19 IWRC IPS Galvanized Wire Rope
ASTM A36 Steel
ASTM A36 Steel
ASTM AS3 Grade B Schedule 40

ASTM A307 Steel
ASTM A307 Steel
ASTM A307 Steel
ASTM A307 Steel
ASTM A307 Steel

ASTM F436 Grade 1

ASTM A325 Steel

ASTM F436 Grade 1

Hardware Guide
PWEOD6
PDB10a-b
RWM04a
RWM1da
RWMOla

PTEO6

PDFO1

FCAD1-02
FPAOL
FPBO1

FMMO2
FBBO1
FBBO3
FBBO6

FBX16a

FBX16a

FWC14a
FBX22a
FWC22a

MwRSF Part #
002/100142-1
090453-4(green)
4614
4614
100142-5
N/A
09-0458

10-0142(Red)

090453-8
10-0142-3
090453-10
090453-9
09-0458
090453-1/09-0452
090453-2/100144-3
090453-3/100144-3
100144-1/100144-3
090543-11/09-0452
090453-15
100259-3/100259-1
100259-2
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Table A-2. Material Certification Listing for Test No. MGSMRH-2

Item No.
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Midwest Guardrail System at 36" Rail Height

Description
W6x8.5 72in [W152x12.6 1829] long Steel Post
6"x12"x14 1/4" [152x305x362] Blockout
12'-6" [3810] W-Beam MGS Section
12'-6" [3810] W-Beam MGS End Section
6'-3" [1905] W-Beam MGS Section
16D Double Head Nail
72" [1829] Foundation Tube

BCT Timber Post -MGS Height

Strut and Yoke Assembly

BCT Cable Anchor Assembly

Anchor Bracket Assembly

8"x8"x5/8" [203x203x15.9] Anchor Bearing Plate

23/8" [60] O.D.x 6" [152] long BCT Post Sleeve

5/8"Dia. X 11/2" [M16 x 38] long Guardrail Bolt and Nut
5/8"Dia. X 10" [M16 x 254] long Guardrail Bolt and Nut
5/8"Dia. X 14" [M16 x 356] long Guardrail Bolt and Nut
5/8"Dia. X 11/2" [M16 x 38] long Hex Head Bolt and Nut
5/8"Dia. X 10" [M16 x 254] long Hex Head Bolt and Nut
5/8"Dia. [15.9] Flat Washer

3/4"Dia. X 71/2" [M20 x 191] long Hex Head Bolt and Nut
3/4"Dia. [19.1] Flat Washer

Soil

Material Spec
ASTM A36 Steel
SYP Grade No.1 or better
12 gauge [2.7] AASHTO M180
12 gauge [2.7] AASHTO M180
12 gauge [2.7] AASHTO M180
ASTM A500 Grade B
SYP Grade No. 1 or better (No knots, 18" [457] above
or below ground tension face)
ASTM A36 Steel Galvanized
3/4"Dia. [19] 6x19 IWRC IPS Galvanized Wire Rope
ASTM A36 Steel
ASTM A36 Steel
ASTM AS53 Grade B Schedule 40
ASTM A307 Steel
ASTM A307 Steel
ASTM A307 Steel
ASTM A307 Steel
ASTM A307 Steel
ASTM F436 Grade 1
ASTM A325 Steel
ASTM F436 Grade 1

Hardware Guide

PWEO06
PDB10a-b
RWMO04a
RWM14a
RWMO1la

PTEQ6

PDFO1

FCAO01-02
FPAOL
FPBO1

FMMO2
FBBO1
FBBO3
FBBO6

FBX16a

FBX16a

FWCl4a
FBX22a
FWC22a

MwRSF Part #
002/100142-1/100144-2
090453-4(green)
4614
4614
100142-5
N/A
09-0458

10-0282(White)

090453-8
10-0142-3
090453-10
090453-9
09-0458
090453-1/09-0452
090453-2/100144-3
090453-3/100144-3
100144-1/100144-3
090543-11/09-0452
090453-15
100259-3/100259-1
100259-2
5052010
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Figure A-1.

—
[
~
S Trinity Highway Products, LLC ‘ '
>
§ 1548 N.E. 28th St. Order Number: 1104828
O Ft Worth, TX Customer PO: 2095 Asof: 272409
Customer: MIDWEST MACH.& SUPPLY CO. BOL Number: 26405
£.0. BOX 81097 Document #: 1
Shipped To: NE
LINCOLN, NE 68501-1097 Use State: KS
Project: RESALE
g Qty Part# Description Spee CL  TY Hent Codo/ Reat# Yield 1's Rg € Ma P S B Ci Cb ©r VaACW
% 100 901G IMFLARERHOLE | M-180 A 583168 71,200 7,900 230 0061 0750 0.016 0015 0.012 0071 000 0.051 0.00¢ 4
: ral
jﬂm Se
\/\ VO 51 s Jﬂ a
2 % 00
&
&
3
Z Upon delivery, 8!l materials subject to Trinity Highway Products , LLC Storage Stain Policy No. LG-002.
¥ ALL STEEL USED WAS MELTED AND MANUFACTURED IN USA AND COMPLIES WITH THE BUY AMERICA ACT.
ALL GUARDRAIL MBETS AASHTO M-180, ALL STRUCTURAL STEEL MEETS ASTM A36
o ALL GALVANIZED MATERIAL CONFORMS WITH ASTM-123, UNLESS OTHERWISE STATED.
ROLTS COMPLY WITH ASTM A-307 SPECIFICATIONS AND ARE GALVANIZED IN ACCORDANCE WITH ASTM A-153, UNLESS OTHERWISE STATED.
~  NUTS COMPLY WITH ASTM A-563 SPECIFICATIONS AND ARE GALVANIZED IN ACCORDANCE WITH ASTM A-153, UNLESS OTHERWISE STATED.
@ 34" DIA CABLE 6X19 ZINC COATED SWAGED END AIS] C-1035 STEEL ANNEALED STUD 1" DIA  ASTM449 AASHTO M30, TYPE Il BREAKING
8  STRENGTH-49100LB
for-J £\
& Stateof Texas, County of TS PR ptendace isedbefore me this 2nd day of February, 2009 Trinity H@way%&?{&,ﬁ .@Y\%Li
3 A6\ "ACHEL R, MEDINA
® Notary Public: el /ﬂ. 1y Publie ] Certified By:

Commimicn ke | ‘umm i, Quality Assurance

W6x8.5 (W152x12.6) Steel Post Material Specifications, Test Nos. MGSMRH-1 and MGSMRH-2

Certified ..nalysis fwg

T1-SST-€0-d¥.L "ON Moday ASUMIN
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Customer: MIDAWEST MACHINERY & SUPPLY CO.

2200 ¥ STREET

LINCCLN, NE. 68501

HT B code C. Mn.
Gépz202 0.14 074
G802217 012 1113
Geoz213 013 o7
Geoz203 .13 0.74
13715 D14 081
25257 0.14 an
56632 0.09 0.83
S6F33 0.08 079
56532 D08 083
25105 0.12 0.66
44330 0.12 069
44261 0.18 061

Bolts comply with ASTM AJ07 specificaiors
Nuts comply with ASTM A-G63 specifications

P. S

0014 0027
0044 0029
0.0t 0.03
0014 0027
0026 0.0
0026 0.027
0.011 0028
0.01 0.031
0011 DQ28
0012 002
002 0028
0.01 0.025

Al steal used fn the manufacty

Al Guardral and Terminal Seclions
All Bolts and Nut's are of Domestc Origin
All matgrial fabricatad with
By:

Andrew

Vice Prasident of Sales and Markeling
Gregory Highway Products, Inc.

Figure A-2. W6x8.5 (W152x12.6) Steel Post Material Specifications, Test Nos. MGSMRH-1 and MGSMRH-2

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

8l Tenslle
021 78300
0.26 76400
0.23 78700
0.2 78600
023 71000
0.17 690C0
02 78790
0.18 79480
02 78790
0.22 66000
0.23 63000
019 68000

Test Report ;

BOL ¥ 34258 DATE SHIPPED: 06/20/08

Gustomer P.O. 2042

Shippedio:  MIDWEST MACHINERY & SUPPLY CO.

Project: =~ STOCK e T

GHP Ordar No 245BAB P
Yleld Elong. Quantity Class Type Description
60600 2s 750 A GIN'WF AT 85 X 6FT 0IN GR POST
58300 288 A BINWF AT 85 X 6FT 0IN GR POST
£0000 248 A 6IN WF AT 8.5 X 6FT OIN GR POST

* $96C0 29 A SIN'WF AT 85X 6FT 0/N GR POST
490C0 247 A 6IN'WF AT 8.5 X GFT OINGR POST
48000 244 A / BIN'WF AT 8.5 X 6FT OIN GR FOST
64880 24 A ! 8IN'WF AT 8.5 X 6FT 0IN GR POST
66800 2 A i SIN'WF AT 8.5 X 6FT OINGR POST
54850 24 A l 6IN'NF AT 8.5 X 6FT 0IN GR POST
45000 235 A 6INWF AT 85 X 6FT 0IN GR POST
44000 204 A BIN'WF AT 85 X 6FT 0IN GR POST
45000 772 A BIN'WF AT 8.5 X 6FT 0INGR POST
N
~,

ang are gahanized in acoordaace wih ASTM A-153, unfesa olhenvise slated.
ard are gahvanized in accordance with ASTH A-153, unfess ctherwise staled.
nmwmmmmmmumu

ra Is of Dornastic Origin, "Made and Mefted in the United
mm%lﬂmmmmlneﬂlmﬂu1ﬂ& M270

ka Department of Fransgortation

States”

STATE OF OHIO: COUNTY OF STARK

Swom

10 and subscribed before me, a Notary Public, by

of Jung, 2C08.
1

T1-$ST-€0-d L "ON Hodoy JSYMN

T10T ‘6 YoIeN
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(o © Certifie¢ \nalysis

Trinity Highway Products, LLC

i
i W

~

425'E. O'Connor Order Number: 1114174
Lima, CH Costomer PO: 2213 Asof 916709
Customer: MIDWEST MACH.& SUPPLY CO. BOL Number: $1169
P. 0. BOX 81097 Document# 1
z Shipped To: NE
LINCOLN, NE 68501-1097 Use State: NE
Project:  RESALE
Qy Fart# Descripfion Spee CL  TY HeatCode/Heat#t Yield 18 Elg € Ma P 8 S Cu Cb Cr VnACW
A% ~TEH 30383 I . 5 000 0120 D803 1
261 0090 0.950 0.010 6.040 0.200 6290 0.00 0.160 DEOI 4

S0 146620 66POSTRSHDBDDR NB  A36 . la6as 30,565 63,310

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

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

ALL GUARDRAIL MBETS AASHTO M-180, ALL STRUCTURAL STEEL MEETS ASTM A36
ALL GALVANIZED MATERIAL CONFORMS WITH ASTM-123, UNLESS OTHERWISE STATED.

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

3/4" DIA CABLE 6X19ZINC COATED SWAGED END AISI C—l{bf STEEL ANNEALED STUD 1" DIA ASTM 442 AASHTO M30, TYPE Il BREAKING
STRENOTH-49100LB ’ ’ : ' : .

Figure A-3. W6x8.5 (W152x12.6) Steel Post Material Specifications, Test No. MGSMRH-2

B1:98 68BT/vB/TT

B88ZE-T19.~2ab

AMINIHOWW LSIMAIW

aTTa Andd

T1-SST-€0-d¥.L "ON Moday ASUMIN
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LUMBER COMPANY, INC.

-= wre CERTIFICATE OF COMPLIANCE 7
MmwestT MACHINERY & SUFPLY
POBox 81097 ‘
Livoown, NE 68501

THEFOLLOWING mmmmm&fﬂ/@mmmmummtﬁﬁmmm
BEFORE AND AFTER TREATMENT AND IS IN FULL COMPLIANCE WITH APPLICABLE MEBRASKA DEPARTMENT OF
ROADS REQUIREMENTS FOR SOUTHERN YELLOW PINE TIMEER GUARDRAIL COMPONENTS, PRESFRVATIVE TREATED

WITH CHROMATED-COPPER-ARSENATE (OCA-C) TO A MINIMUM RETENTION OF .60 LBS/CULFT. THE '
mmawmmmmwmmmsmmwnmmmmmmm )

mmmﬂmmmmmmmmﬁq;m
3 mmtoummom

Y

——

AMSNIHOWW LS3MAIN 88Z€-192-Zap 65:6@ 600Z/ZO/TT

Figure A-4. Wood Blockout Material Specifications, Test Nos. MGSMRH-1 and MGSMRH-2
130
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Customer:

HT # code
4614

&‘\ ‘ =

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

Canton, Ohio 44708 ik
S
=<
Test Report =
“ UNIVERSITY OF NEBRASKA-LINCOLN BOL. # 39963 DATE SHIPPED: 05/07/09
401 CANFIELD ADMIN BLDG Customer P.0O. 4500204081/ 04/06/2009
P O BOX 880439 Shipped to:  UNIVERSITY OF NEBRASKA-LINCOLN
LINCOLN, NE. 68588-0439 Project : TEST PANELS
GHP Order No 105271
C. Mn. B S. Si. Tensile Yield Elong. Quantity Class  Type Description
0.21 0.84 0.011  0.003 0.03 89432 67993 19.8 160 A 2 12GA 12FTEIN/3FT1 1/2IN WB T2
Bolts comply with ASTM A-307 il and are galvanized in with ASTM A-153, unless otherwise stated
Nuts comply with ASTM A-563 ions and are g; i in with ASTM A-153, unless otherwise stated.
All other galvanized material conforms with ASTM-123 & ASTM-525
All steel used in the manufacture is of Domestic Origin, "Made and Melted in the United States”
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 fabricated in a i Department of Transportation
All controlled oxidized!, i il and terminal sections meet ASTM AG0B, Type 4. STATE OF OHIO: COUNTY OF STARK
Sworn to and subscribed before me, a Notary Public, by
By: ol Andpew Artar this 8th day of May, 2009.
Andrew Artar i

Vice President of Sales & Marketing
Gregory Highway Products, Inc.

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

Figure A-5. 12-ft 6-in. (3.8-m) Long W-Beam Section Material Specifications, Test Nos. MGSMRH-1 and MGSMRH-2

T1-$ST-€0-d L "ON Hodoy JSYMN
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Trinity Highw  roducts , LLC

258 N.E. 28th st.

Ft Worth, TX

Customer: MIDWEST MACH.& SUPPLY CO.
P. 0. BOX 81097

‘ LINCOLN, NE 68501-1097

Pieces Deseription

T

b 1 4

Sales Order: 1112249 Print Date: 8/4/09
Customer PO: 2188 Project: RESALE
BOL # 28104 Shipped To: NE

Document # 1 Use State: KS

Trinity Highwav Products. LL.C
Certificate Of Compliance For Trinity Industries, Inc.
NCHRP Report 350 Compliant

L X 40 12/63/S

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

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

‘ BOLTS COMPLY WITH ASTM A-307 SPECIFICATIONS AND ARE GALVANIZED IN ACCORDANCE WITH ASTM A-153, UNLESS OTHERWISE STATED.
NUTS COMPLY WITH ASTM A-563 SPECIFICATIONS AND ARE GALVANIZED IN ACCORDANCE WITH ASTM A-153, UNLESS OTHERWISE STATED.
3/4" DIA CABLE 6X19 ZINC COATED SWAGED END AISI C-1035 STEEL ANNEALED STUD 1" DIA ASTM 449 AASHTO M30, TYPE I BREAKING

STRENGTH -49100 LB
State of Texas, County of T;

‘ Notary Public:
Commission Expires. / /

Figure A-6. 75-in. (1,905-mm) Long W-Beam Section Material Specifications, Test Nos. MGSMRH-1 and MGSMRH-2

1 - y
e thid 4th f Al 2009
Notary Public, State of Texas day of Augus) Trinity Highway Progepts, LLC =
My Commission Expires 3 .
July 13, 2013 Certified By: g@/\n,\ Q Q"\@g s Q

Quality Assurargé b
1 of 1

T1-$ST-€0-d L "ON Hodoy JSYMN

T10T ‘6 YoIeN
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MATERIAL TEST REPORT

\TE: 09/25/07
PAGE: \ 1
BILL OF LADING: 164358

CUST: STEEL & PIPE SUPPLY - CATOOSA OK
1050 FORT GIBSON ROAD
CATOOSA OK 74015
ATTN: " Test Report Desk

106201 8027185

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

LEAVﬂ( JBE COMPANY, LLC

TUBING MANUFACTURED IN USA

aTy. CUSTOMER
SHIPPED PO,
147 4500088611
240 4500088813
1,176 4500091471
360 4500092386

ITEM NO. 1 2
COIL NO. 395453 395532
HEAT NO, 722562 722551
CORRECTED COIL

CARBON 210 .210
MANGANESE 820 860
PHOSPHORUS 004 .006
SULFUR .006 .004
ALUMINUM 047 .050
SILICON .020 -030
WELD TESTING FLATTEN FLARE
YIELD STRENGTH (PsI) 47,297

TENSILE STRENGTH (PSI) 62,162

ELONGATION IN 2" (%) 29.0

Item(s)- 123435 Are

Made and Melted
In The U.S.A.

ORDER
NUMBER
1015580 1.000
1016034 1.000
1025579 1.000
1029189 1.000

3
395813

722564

210
.820
.004
.006
047
020

FLATTEN

CUSTOMER
PART NBR

4
395460
722564

.210
.820
004

.006
.047

.020
FLATTEN
52,000

70,666
31.0

VHEREBY CERTIFY T
AS CONTAINED

Laavitt Tube Co., LiC
1717 W. 115th 1.
Chicage, IL 60643

Phone: 773-239-7700
Phone: 1-B00-LEAVIT
Fox: 773-239-1023
www. leavitt-tube.com
QA1002-0003 Rev. 0

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

W ww

5
391232
A13386

220
700
006

.003
024

.030
FLARE
55,056

70,787
27.0

k ABOVE IS CORRECT
PEDS OF THE COMPANY
A

i i i -1 and MGSMRH-2
Figure A-7. BCT Anchor Foundation Tube Material Specifications, Test Nos. MGSMRH-1 an

T1-$$T-€0-d UL "ON Hodoy ISUMIN

T10T ‘6 YR



CERTIFICATE OF COMPLIANCE

AUGUST 4, 2009

MIDWEST MACHINERY & SUPPLY
PO Box 81097
LincoLN, NE 68501

THE FOLLOWING MATERIAL DELIVERED ON 8/3/09 ON BILL OF LADING NUMBER 19477 HAS BEEN INSPECTED
BEFORE AND AFTER TREATMENT AND IS IN FULL COMPLIANCE WITH APPLICABLE NEBRASKA DEPARTMENT OF
ROADS REQUIREMENTS FOR SOUTHERN YELLOW PINE TIMBER GUARDRAIL COMPONENTS, PRESERVATIVE
TREATED WITH CHROMATED-COPPER-ARSENATE (CCA-C) TO A MINIMUM RETENTION OF .60 LBS/CU.FT. THE
ACCEPTANCE OF EACH PIECE BY COMPANY QUALITY CONTROL IS INDICATED BY A HAMMER BRAND ON THE END

March 9, 2012
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OF EACH PIECE.
MATERIAL CHARGE # DATE RETENTION QUANTITY
X 6x8x14"  Blockout (CD) 09-283 7/29/09 0.67 70
6x8x6" Line Post 09-283 7/29/09 0.67 175
X 51/2x71/2-46" TB Bullnose 09-283 7/29/09 0.67 48
6x6x8" Blockout 09-283 7/29/09 0.67 100
6x8x22"  Blockout 09-283 7/29/09 067 70

THIS CERTIFICATE APPLIES TO MATERIAL ORDERED FOR your order no.: .2 | 9 |

FOR ANY INQUIRIES, PLEASE RETAIN THIS DOCUMENT FOR FUTURE REFERENCE.

THANK YOU FOR YOUR ORDER.
SINCERELY,

e d

Karen Storey

SIGNED BEFORE ME THIS 4 DAY OF AUGUST 2009.

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

Fax: 706-235-8132

Figure A-8. BCT Anchor Timber Post Material Specifications, Test No. MGSMRH-1
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FORMERLY MIDWESTERN

s

=== WWHOLESALERS, INC.
%_ ;=.E%,- e o

~~This Ts tovertify that the-materials-shipped;-as indicated, conform to the State-of Nebraska specifieatrons. -

Order Number: 89198
Project Number:
QUANTITY | DESCRIPTION CHARGE | TREATMENT | TREATER
NO.
50 6x8-46” DSS SYP 548 BCT Post 38040 CCA MWT

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

Made & Treated in the USA. Me,ets AASHTO Spees M133 & M168.

AMERICAN TMBER@,N@ $/T 7;0 . NOTARIZED

By__ Heather L. Sewmjd ;, u" ,..:7 }/ﬂ'ﬁ Sworn fo and subscribed before me

Title, Sales Assistant 7 _ this _13th _dayof __ April 2010.
Date__April 13.2010 | by % g Lo //%/Q

American Timber And Stesl Corp 4832 Plank R / PO Box 767  Norwalk, OM 44857 P #%

“THE TIMBER SPECIH LIS‘I‘S"

Figure A-9. BCT Anchor Timber Post Material Specifications, Test No. MGSMRH-2
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i E. . & ABRRET. ©*
i, | [V

Immmer mwas'rmcx&suwwco Seles Order: 1093497 Print Date: 6/30/08
! P. 0. BOX 81097 Customer PO: 2030 Project: RESALE
! BOL# 43073 Shipped To: NE

| Document# 1 Use State; KS

LINCOLN, NE 68501-1097
! Trinity Hishwav Products. LLC
Certificate Of Compliance For Trinity Indusiries, Inc. ** SLOTTED RAIL 'I'ERMINAL"f*

| NCHEP Report 350 Compliant
|
| Pleces Description
7 S/"X10" GR BOLT A307
02 5/8"X18" GR BOLT A307
k" 1" ROUND WASHER F84é
64 1" HEX NUT A563 e e
j 192 WD 60 POST 6X8 CRT : MGCSDR
1192 . WD BLK 6X8X14 DR
i 64 NAIL 16d SRT
feq WD 39 POST 5.5KX7.5 BAND
32 STRUT & YOKE ASSY
128 SLOTGUARDYE - ‘ Gvownd Sémt
2 | 3/8X3 X4 PL WASHER wrewnd  Strut

EMEMNS. S~

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

92-761-3288

SLLL STEEL USED WAS MELTED AND MANUFACTURED IN USA AND COMPLIES WITH THE BUY AMERICA ACT
\LL GUARDRAIL MEETS AASHTO M-180, ALL STRUCTURAL STEEL MEETS ASTM A36
o OTHER GALVANIZED MATERIAL CONFORMS WITH ASTM-123.
8 HOLTS COMPLY WITH ASTM A-307 SPECIFICATIONS AND ARE GALVANIZED IN ACCORDANCE WITH ASTM A-153, UNLESS OTHERWISE STATED.
8 'JUTS COMPLY WITH ASTM A-563 SPECIFICATIONS AND ARE GALVANIZED IN ACCORDANCE WITH ASTM A-153, UNLESS OTHERWISE STATED.
/4" DIA CABLE 6X19 ZINC COATED SWAGED END AISI C-1035 STEEL ANNEALED STOD 1° DIA ASTM449 AASHTO M30, TYPE I BREAKING

D TRENGTH -491001B '
ﬁmmaf()ho County of Allen. Swom and Subscribed before afé day of Juae, 2008 Z
E’, Tﬁnj_.zy Highway Products, LLC p

3 ctary Pbic: . Certified By:
B entoninn Runivme Fea v 7 Xa 2 of 4

Figure A-10. BCT Anchor Groundline Strut and Yoke Assembly Material Specifications, Test Nos. MGSMRH-1 and MGSMRH-2
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‘ Certifie¢ \nalysis

| Trinity Highway Products, LLC

425 E. O'Connor Order Number: 1114174
Lima, OH Customer PO: 2213
Customer: MIDWEST MACH.& SUPPLY CO. BOL Number: 51169
P. 0. BOX 81097 Document #: 1
| Shipped To: NE
LINCOLN, NE 68501-1097 Use State: NE

Project: RESALE

) Pmdy‘. %

4
= ©

) | 4

Asof: 9/16/09

Qty Part# Description Spec  CL TY Heat Code/ Heat # Yield TS Elg C Mn P S Si Cu Cb Cr VnACW
7& 750 545G 6'0 POST/DB:DDR A-36 J86489 50,565 68,830 26,1 0.090 0.950 0.010 0.040 0.200 0290 0.00 0.160 0.003 4
| 50 14662G 6'6 POST/8.5#/DB:DDR NB  A-36 J86489 50,565 68,830 26.1 0.090 0.950 0010 0.040 0.200 0.290 0.00 0.160 0.003 4

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

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

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

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

STRENGTH -49100 LB

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

Notary Public: 22 Certified By:
Commission Expircs/ ! 120/ 2~ :

1 of 1

Figure A-11. BCT Cable Anchor Assembly Material Specifications, Test Nos. MGSMRH-1 and MGSMRH-2
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Jun=15-2008 O0B:1Zam  From=Portaous Denver 1 303 576 0§33

- [ Certfication proviged ty-PFC. To;NEBRASKA BOLT Order:124841

267 PORTEQUS FASTENER CO. NUCOR ORDER ¥ 00934

TEST REPORT SERTALS FBZE5180 CUST PART ¥ s0219-4000-004

TEST REPORT ISSUE DANE  %/20/07

DATE SMIPPED 10/06/07 CUSTOMER P.O, @ 17078232 -~ ﬁ‘

MAME OF LAD SANPLER: STANTZ, LAD TECHNICIAN "—-\~ \

WM R R N IFIED HATERIAL TEST REFDRTIN MM NRARKRAMNHE 4

NUCOR PART NO NTITY  LOT NO. ,/

175847 7208 222045A 1-8 CR DH HV M.D.G N f’
- HAMUFACTURE DATE /07 NN R ¢

==CHEMISTRY MATERIAL GRADE -1045L

HATERIAL uuclﬂlrnn mxm urr? aﬁn ANALYSIS) BY rurml. SUPPLIER

NUNSER . m . MUCOR, STEEL - NEARASKA
" RHE2344E as 6% .ua .ne: .u :zuer'g-“a: .8l ms‘:n-: 2008-11-38

= 20 N-1] OR TESTING

WU §355 2K |mx s a4 50 .

HARDNESS  HARDNESS 40900, LBS DEG-WEDSE
[C-ITH (RCY i (LBS) STRESS (PSI)
N/A 28.1 PASS N2k WA
N/A 0.8 PASS NAA N/A
WA .0 PASS N7 WA
N/A .5 PASS Hn WA
WA i 2.0 PASS N/A
AVERAGE VALLES Fll‘l TESTS nnwcr:luu Lor sm 67000 PCS

ROTATIONAL CAI'M‘-'!W

TESTED IN
- SAMPLE N1 PASS! 'SAHPLE §2 PASSED

cmnhm WITH A325, AS63 AND F6o6 TO 348 DEGREES OF MT‘“M

March 9, 2012
MwRSF Report No. TRP-03-255-12

T-510  P.002/003 F-d48

) AAF b

Telephone 260/337.1800

--UISUAL INSPECTION |IN ACCORDANCE WITH ASTM AS63-04a 30 PCS. SANPLED LOT PASSED
© --COATING = tot Dip|Salvanizad. T

S 1. 000423 2. |0.00408 5. 0,008 4. 0.0033 5. 0.00354 7. 9.00607
8. o0.0a347 9. .90341 10, ©,00637 . 11.. 0.00426 12, 0.08495 1s. 0.0039%
15. 0.00395 6. [0.80344 17, 0.0040% LB. 0.08342 19, 0.00348

AVERAGE THICXNESS FQOX 20 TESTS  .90413

WEAY TREATHENT - MUSTENITIZED; OIL uunlsnn % TENPEKED (MIN 8RO DEC F)

- “DINENSIONS PER ASHE B1a.2.6-2003

| CHARACTERTSTIC “MSAHPLES 'rmm HININUN AXTIUN
| width across :urn-ra 1.5190 1.8300
Thickness sz T NPT 0.9830
ALL TESTS ANE IN WITH THE LA REVISIONS OF THE METHODS PRESCRIBED 1IN 'mf APPLICABLE
a:ﬁ:g TIONS . ;ﬁ:krﬁ? TESTED mJEsl;i TO THE SPECIFICATIONS AS DESCRIBED/LISTED -mh’iun uzalnzafumn
THE STE AND PANUFACTURED IN THE U.S.A. AND THE rnuwﬁw&s PUNUFACTURED AMD TESTED IN THE U.S.A.
WE _CERTIFY DATA_IS A REPRE ATTON OF INFORHATION P D BY THE MATERIAL PLIER. AND
CUR TESTING L THI mr HA uﬁu‘t TEST AEPORT NELATES OMLY TO THE ITENS LISTED ON THIS
DOCURENT AMD BE REFR ED EXCEPT IN FucL.
m FASTEN
A DIVISION OF RATION
HECHANICAL PASTEN \d e,
CERTIFICATE ND. A -03

EXPIRATION -DATE 1  GUALLTY ASSURANCE SUPERVISOR

Page 1 of 1

XHd L3Cd3se dH

2B B0O0E 4T unr

Figure A-12. BCT Cable Anchor Assembly Material Specifications, Test Nos. MGSMRH-1 and

MGSMRH-2
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@ a . . w P’% .
B Certified Analysis £ %
a .
o Trinfty Highway Produsts, LLC ‘ ”
of 2548 N.B, 28th St Order Number: 1095199
. ¥t Worth, TX Oustomer PO: 2041 % Asof: 42048
Customcer: MIDWEST MACH.& SUPPLY CO. BOL Number: 24481 2
P. 0. BOX 81097 Docuwent # 1
Shipped To: NE
LINCOLN, NE 68562-1097 Use State: K8 )
Profect:  WHSALR
5 Qty Part# Deseription Spec CL TV Hdeat Codef Hast# “hebd ™ Blg P 8 8 O C € Vo ACW
g % & T R w5 B e
‘.-.
Q L -] THA 2SKLLISHLG6 CAB ANC A36 4153003 44,500 6000 340 0240 07se 0002 0083 0020 0020 000 0040 Q002 4
[=]
E 10 742G 60 TUBE SLAI8EX6 A-50D ASFILA0 4000 27,000 252 04050 C670 003 0O05 Q00 0220 0000 0060 Q021 4
= 2 Ta $W' BEAR PLIOF A3 ) HI06195 46,700 69,500 235 020 0830 400 0005 0020 0230 0000 0070 2008 4
A 007G 12BUFFER/ROLLED TE-180 A L0049 54,300 73,500 250 €160 Q700 0011 Q.008 0420 0.200 0.000 0.100 0000 4
[as]
(3]
o
e
@ Upna delivery, all materials subject to Trinity Highway Products , LLC Storage Stain Bolicy No. LG-002.
] E
8 ALL STEEL USFN % ASMELTED AND MANUFACTURED N USA AND COMPLIES WITH THE BUY AMBRICA ACT.
= ALL GUARDRATL, MEETS AASHTO M-180, ALL STRUCTURAL STEEL MEETS ASTM A%6 _
ALL OTHER GALVANIZED MATERIAL CONFORMS WITH ASTM-123.
2 BOLTS COMPLY WITH ASTM A-307 SPECTFICATIONS AND ARE GALVANIZED N ACCORDIANCE WITH ASTM A-153, UNLESS OTHERWISE STATED.
i WUTS COMPLY WITH ASTM 4-563 SPECIFICATIONS AND ARE GALVANIZED IN ACCORDANCE WITH ASTM A-153, UNLESS OTHERWISE STATED,
- 3/4° DIA CABLE 6X19 ZINC COATED SWAGED END AISIC-1035 STEEL ANNEALED STUD (* DA ASTM 448 AASHTO M30, TYPE I BREAKING
@ STRENGTH - 42100 LB
= 5
§ Stmig of Texas, County of Tavrant. Sworn and subscribed before me this 20th day of June, 2008
= -
% Trinfiy Highway Products , LLC

Certified By:

Sodornia Omnl.s

Figure A 13. BCT Anchor Bracket Assembly Material Specifications, Test Nos. MGSMRH-1 and MGSMRH-2
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@ a . . w P’% .
B Certified Analysis £ %
a .
o Trinfty Highway Produsts, LLC ‘ ”
of 2548 N.B, 28th St Order Number: 1095199
. ¥t Worth, TX Oustomer PO: 2041 % Asof: 42048
Customcer: MIDWEST MACH.& SUPPLY CO. BOL Number: 24481 2
P. 0. BOX 81097 Docuwent # 1
Shipped To: NE
LINCOLN, NE 68562-1097 Use State: K8 )
Profect:  WHSALR
5 Qty Part# Deseription Spec CL TV Hdeat Codef Hast# “hebd ™ Blg P 8 8 O C € Vo ACW
g % & T R w5 B e
‘.-.
Q L -] THA 2SKLLISHLG6 CAB ANC A36 4153003 44,500 6000 340 0240 07se 0002 0083 0020 0020 000 0040 Q002 4
[=]
E 10 742G 60 TUBE SLAI8EX6 A-50D ASFILA0 4000 27,000 252 04050 C670 003 0O05 Q00 0220 0000 0060 Q021 4
= 2 Ta $W' BEAR PLIOF A3 ) HI06195 46,700 69,500 235 020 0830 400 0005 0020 0230 0000 0070 2008 4
A 007G 12BUFFER/ROLLED TE-180 A L0049 54,300 73,500 250 €160 Q700 0011 Q.008 0420 0.200 0.000 0.100 0000 4
[as]
(3]
o
e
@ Upna delivery, all materials subject to Trinity Highway Products , LLC Storage Stain Bolicy No. LG-002.
] E
8 ALL STEEL USFN % ASMELTED AND MANUFACTURED N USA AND COMPLIES WITH THE BUY AMBRICA ACT.
= ALL GUARDRATL, MEETS AASHTO M-180, ALL STRUCTURAL STEEL MEETS ASTM A%6 _
ALL OTHER GALVANIZED MATERIAL CONFORMS WITH ASTM-123.
2 BOLTS COMPLY WITH ASTM A-307 SPECTFICATIONS AND ARE GALVANIZED N ACCORDIANCE WITH ASTM A-153, UNLESS OTHERWISE STATED.
i WUTS COMPLY WITH ASTM 4-563 SPECIFICATIONS AND ARE GALVANIZED IN ACCORDANCE WITH ASTM A-153, UNLESS OTHERWISE STATED,
- 3/4° DIA CABLE 6X19 ZINC COATED SWAGED END AISIC-1035 STEEL ANNEALED STUD (* DA ASTM 448 AASHTO M30, TYPE I BREAKING
@ STRENGTH - 42100 LB
= 5
§ Stmig of Texas, County of Tavrant. Sworn and subscribed before me this 20th day of June, 2008
= -
% Trinfiy Highway Products , LLC

Certified By:

Sodornia Omnl.s

Figure A 14. BCT Anchor Bearmg Plate Material Specifications, Test Nos. MGSMRH-1 and MGSMRH-2
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! i !
| Customar: i Sieg i
E ; = S |

SPS - New Century j 92878
401 New Cantury Parkway r f
Gauga: [}

Maws Century W8 88037

AS00B,C, A53ANT 2500104138 i

24 Mo

i

1 Heat Mo Yiaig Tansils Ziongation
H P51 #.8.1. % 2 inzh

i 280538 81,500 8,400 223.00

Hast Mo c A P 3 St cu ] ca v
- 280638 004G .23t ¢.010 2.000 .08 4.088 €.038 0.042 0.003

We hereby that dhe abova matsrial was manui
contained in the recoids of our compeny. Al
scops 0f the speoifications danoted in the sps

3¢ in the U
nanufacty
ation and grade tiias

3.4 and 1 o8t resubis shown in this repors
in scuordance to A.S.T.M. parameters encomp

; BNT=Grade B not tested - meets tensile propertiss ONLY.

=5 T
(=

=
=}

&=
o Dy
——z

Figure A-15. BCT Anchor Post Sleeve Material Specifications, Test Nos. MGSMRH-1 and

MGSMRH-2
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11/84/2009 ©6:18 482-761-3288 MIDWEST MACHINERY PAGE 84/18

~ 2089418

und .2.09

"@) R bi 1807 pasy zamt ST, LORXDI, OK 44055
PHONE: 338~438-5654 PAX: 330-438-5695

Aheien st @b 1 pogi Ay e

CERTTFICATE OF TESTS REPUBLIC ENGINEERED PRODUCTS Mﬁ?ﬁ.ﬂrﬂﬂé
AQE

OF2
FORCHASR ORD: 130863M FURCHASE ORDER, DATE: £/1/2009
PARY NUMBER: 1002438 ACCOUNT NUMRER : 5550-3007-01
OFDER, MUMBAR; 1409019 = 01 SOIDULE; $061-86 -
REAT: 5072004 REVISTON: 1 -
==oes CHARGE ADDRESS -« = SHIP TO mrsrmemowosmsoswawsass

TREMITY INDOSTRIES INC TRINITY INDUETRIES INC

HIGRWAY SAGETY PRODUCTS INC ¢/6 BCB METALS PREV

P O DOX 568087 <7H FLOOR 5800 STERLING AVE

DALLAS, TX 7%356-8887 MAFLE HRIGHTS, OH 44137
------- Amemmmemmeseecn e mmsmmmmmeemmms MATHRIAL DESCRIPAION a-vm=r--s-omim - samamenr=wan-=recrt=ss

HOT RULLED STERL COILS CARDON AISI-1018 AX AL KILLEG PINR ORAIN QOLD WORKING (UALITY TEST REPORTS OP
MBCHANICAL PROPERTIES FOR INFO ORLY EXTRA TRIITING
g%48: RDS .6350 DIMM X COIL

D8 16.230fMM DIAM ¥ COIL

..... mmmmrrmmemmreeeedmmessassnnsaneam=n LEDAR CHEMIBTRY & ~=-s----s-emescsasmer-ammmcmm oo e
[ MY 8I [+ NI
0.15 0.47 0.006 0.002 a.09 0.08 g.06 0.05
v M L [s::]

*.000 g.o0? 0.005 b,046 0.000 0.0083

AN AR AN ANARARE AL e m ek CALOCULATED TESTS «msssasa--csasmsmsscamcsamas mEmEssansatanm .-

ON RATIO 113.3 TO 1

aﬂmxcmsznzsm?ﬂﬁkﬂm&hmmwmwmmmmmmm .020% PER
ASTH K29,

mesAssusEsRA-mbmararemeeeymmememe—tne GEMI - PINISHED RESULTS -rsvre-me-=em—ememeea= B LR T amen
------------------------ mesmesnmames PINISHED STZE RESULTE -===-==s-ccsmese=asssmamnon e mmm e
TENSILE 'r.elr BTANDARD FOHMAT .
TRNEILE nmio %) RA E
PSI Pax H ¥
BCE 2728 £3%00 44200 65.4 39.0
HARDNES® TEST ASTH E10/ASTM A370 HEW AS-RLD/CD KuW
MI-RADTUE
PR 2729 116

A R ——— svmnmnenausmaussas NOTEY
CHEMICAL ANMALYSIS CONFORMS TO APFLICABLE SPBECS: ASTM E41S, C[RAL10123, LALAO130. ASTH E1019,
LBL10130, LBL1OX14, ANOD ASTH Ei085, LBL10184, LBL10128.

REPOBLIC RNGIMREREN PRODUCTS HEREBY CERTIFY THAT THE MATRRIAL LRSTED HERETN NAS BERN INSPICTED AND
TESTAD IN ACCORDANCE WITH YHE METHODS SRRQCRIASD IN THE GOVERNING SPROIFYCATIONS AND BASED UPON THE
RESULTS OF SUCH INSPECTION AND TESTING MAS DEEN APPROVED FOR CONFORMANCE TO THE GPECTPICATIONS.

CERTYFICATE OF TRSTS SHALL NOT BE REFRODUCED EXCEPT IN FULL. i
ALL TESTING HAS BERN PERYORMED USING THE CURRENT REVISION OF THE TRSTING SR¥ECIFICATIONS.

' RRCONDING OF FALSE, FXCTTTIOUS OR PRAUDULENT STATEMINTS OR EWTEIES ON THIS DOCUMENT MAY BE PUNISHED
AS A PELONY DNDER FED STATUBS TITLE 18 CHAPTER 47.

THR MATERIAL WAS NOT EXPOSED TO MERCURY OR ANY METAL ALLOY THAT 18 LIOUID AT AMRIENT TRMPERATURE
DURDMG PROCRSSTNG OR WHILE IN OUR PUSSESSION,

WO WELD OR WELD REPAIR WA2 PERPORMED ON TRIS MATERIAL.

R. A, BZELIGA . BY HILDA BESUB
MANNGER TECH. SERVICES

8. el

S

Figure A-16. Guardrail Splice Bolt Material Specifications, Test Nos. MGSMRH-1 and

MGSMRH-2
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11/94/2909 ©6:10 482-761-32688 MIDWEST MACHINERY PAGE ®©2/1v
= TRINITY HIGHWAY PRODUCTS, LGC. AN
Plant #55 : A" 4
425 E. 0’ CONNOR AVENUE
Lima, OH 45801 2
419-227-1296
MATERIAL CERTIFICATION
CUSTOMER: STOCK DATE: JULY29, 2009
I
| INVOICE #
. | LOT NUMBER: 0507038 -
PART NUMBER: 3360G QUANTITY: 110,765
‘DESCRIPTION: 548"x1 %” GR BOLT DATE SHIPPED:
SPECIFICATIONS: ASTM A307-A /A153 HEATH: 5072014

MATERIAL CHEMISTRY

c|lmv| p | s ist|m {cR |[Mojcu [sh | v | aL | N

w
d

NB

A5 |47 |.o06 1003 |09 |06 |05 {02 |.05 |.005 | 000 |.046 | .0063 | .000 |.000 |.000 L

PLATING AND/OR PROTECTIVE COATING

[FOTOF GALVANTIED O FERSa7T) T T =™ 1

*+4+THIS FRODUCT WAS MANU¥ACTURED IN THE UNITED STATES OF AMERICA™***

THE MATERIAL USED IN THIS-PRODUCT WAS MELTED AND MANUFACTURED IN THE
us.A

WE HEREBY CERTIFY THAT TO THE BEST OF OUR KNOV

RDGY. ALL INFORMATION

425 E. O "CONNOR AVENUE 1AMA,OR 45801 © 4192271296

Figure A-17. Guardrail Splice Bolt Material Specifications, Test Nos. MGSMRH-1 and
MGSMRH-2
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i T MACHINERY I
oe/Ba/22es 16:36 4@2-751-3288 MIDKES
[
ey ._ N
MID WEST
FABRICATING CO.
CERTIFICATE OF COMPLIANCE
WE GERTIFY THAT ALL BOLTS ARE MADE AND MANUFACTURED IN THE USA.
TO: TRINITY INDUSTRIES INC,
Plant #585 :
425 E, O"Connar 41922227398
Lima,Ohio 48801
SHIP DATE:.11/6/2008
MANUFACTURER: MID WEST FABRICATING CO.
ABTM: A30TA
| GALVANIZERS: Columbus/Piolt TOA-153 GLASE C
QTyY PART NO, HEATNO, LOTNO, P.ONO.
3,624 S/8 X 10-58" ?261‘134 85204 125266BRE0 _
1,076 518 X 10-8% 72681134 85204 1262686BRT8 |'
8,900 5/8 X 10-8" 7281134 85204 126266BR74
Y1Vn 4500  5BX 108" 7281811 3 85217 1262668R74
2.55!;) 5/8 X 10W-8" 7261285 85180 126266BR84 .
4,500  5/8 X 14-8" 7368518 85198 12B8266BREE
6,000 S8 X189" 7366618 85157 1262665Re4
1,536  5/8 X 186" 7368618 85167 126266BR74
130 518 X 188" 7368618 85156 126266BR74 B
2,964 58X 188" ) 7368618 #5148 128266BR74
4,370 5/8X 186" 7261811 85148 126266BR74 -
400 5/8 X 3.5° 5978681 BEO48 126268BREZ
signature Ghusn. D, Soomiity

TITLE: QUALITY CONTROL
DATE: 11/8/2008

117 porely Infins Areect o Amanea, Ohin 43102 = 74G06T 4411 « FAX:D 7400960-4433

Figure A-18. 10-in. (254-mm) Guardrail Bolt Material Specifications, Test Nos. MGSMRH-1

and MGSMRH-2
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5/52
B6, B4, 2903  15:386 492-751-3288 MIDWEST MACHINERY PAGE 1

04/44/72008 10: 14 FAX 740 681 4433 MID VESY PAB: ROCEMILL ooz

b
f 2506

MDD WEST

FABRICATING CO.

CERTIFICATE OF COMPLIANCE
WE GERTIFY THAT ALL B0LTS ARE MADE AND MANUFACTURED IN THE USA.

TO: TRINMGY INDUSTRIES ING.
Plant #65
350 East Robb Ave, 449-222-7398
Lima, Ohio 45801
SHIP DATE: 4/13/2000 .

MANUFACTURER: MID WEST FABRICATING GO,
ABTM: ABOTA
GALVANIZERS: BristoliPilotiColumbus  TO A-153 GLASS C

aTy PART NO, HEAT NO. LOTND. P.ONO,
5,280 5/8 X 10-8° 20060370 95055 130238BR25
2,825 B8 X 10-87 20060370 25062 1302382R25
28,500 58 X148 7285618 B5199 126266BR114

Signature G ki TAY M

TITLE: QUALITY CONTROL,
| DATE: 4/18/2008

312 Narth dohas Smeet £ Amanda, Oide 42107 ¢ F40/965441T = FAX: 7409494432

Figure A-19. 14-in. (356-mm) Guardrail Bolt Material Specifications, Test Nos. MGSMRH-1
and MGSMRH-2
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11/04/2099 B6:19 482-761-3288 MIDWEST MACHINERY ' “ PAGE 89/18

N )
Rand 5.9

& | Re bil 2049 LAKESHORE-GAYE 6 DUPFNLO, WY 14219
FHORE: 340-438-5694 FAX: 330-430-5685

AT, B B

CERTIFICATE OF TESTS “ REPUBLIC ENGINRERED PRODUCTS Turie 3, 2009
PAGE 1
or2
PURCHASE ORD: 1309694 o PORCHASE GRDER DATR: 4/15/2009
PART NUMBER: 100944B ACCOUNT NUMBER: 5550-3007-02 s
ORDBR NUMBER: 1405650 - 01 SCHEDULE: : 5877-68 i
HEAT: . 5072080 REVISTON: 1
==z=n CHARGR ADDRESS . . == SHIP TO -~wauszcs=scezs———r=me
TRINITY INDUSTRIES INC TRINITY IMDUSTRIES INC
HIGHWAY SAGETY PRODUCTS INC €/ BCS METALS PREP
P O BOX F6RBE7 ATH FLOOR 5800 STERLING AVE
DALLAS, TX 75356-0887 MAPLE HEIGHTS, OH 44137

-------- 4vmmumee—iee mmasmemesesuene MATRRIAL DESCRIPTION =---s-sssesesomcmmmesasmcoe o deannnnnn
HOT ROLLED' STAEL COILS CARBOW AT81 1035 AR At KILLED FINE GRXTN COLD WORKING QUALYTY “TEST REPORTS' OF -
MECHANTCAL PROPERTIES FOR INFO ONLY EXTRA TERTING
GIEE: RDY 1.2190 DIAM X COIL

RDS 30,9626MM DIAM X COIL

---------- “emmmmmmeccemsmas==mem=acecan LADUE CHEMISTRY & ~----=c-ccmmmoomom e cemsmmr e mioe
[+ L P 8 81 (=] NI CR
0.2 0.45 0.013 0.003 0.14 0.05 .08 0.07
v MO &N AL cB N

0.002 0.02 0,006 0.037 0.000 '0.0080

fedssummrm————— aummm e amavaa mamsane CALCTULATED TBOTS ~-----ssmeedoaas L T SR

REDOCTTION RATED 38.1 TO 1
£
AVSTENITIC GRAIN S1%8 5 OR FINER BASED ON A TOTAL ALUMTNUM CONTENT BOUAL TO OR GRRATER THAN .040% PER

ASTM A2D.
----------------- awmemmenecsssussnan= SEMI - PINISHAD RBOULTE -«uarumrrreccscsusmmemmemecsesscisinnn
T, FINISHRD BIZE RESOLTS r—=--rm-==s== Ammamscan. aeEm R — .-
TENAILE THST STAKDARD PORMAT
TENSILE YIRLD(0.2¢) RA B

PST PSL * 3
BCE 01 64510 34914 64.2 33.0
HARDNESS TEST ASTM B1O/ASTM A370 HBW M -RLD/CH HAW

MID-RADIUS
AVG u:
....................... amsmnmrmcacccaecsamnn NOTBY —oc-cmememccaosAUs A em . e aRme————— .-

REPOUBLIC mzmm PRODUCTS HEREBY CERTLPY THAT THE MATERIAL LISTED HERRIN HAS BERN INSPECTED AND
TRETED IN ACCORDANCE WITH THE MBTRODS PRESCRIRED IN THE GOVERNING SPRCIFICATIONS AND BASED UPON THE
RRSULTS OF SBUCH INSPECTION AND TESTING HAS REFN APFROVED FOR CONFORMANCE 70 THE SPRCIFICATIONS.

CERTIFICATR OF THSTS SKALL NOT BE RESRODUCED RXCEPT IN FULL.
ALL TESTING HAS BREN PERFORMED USING THE CURRRNT REVIEION OF THE TRSTING SPRCIFICATIONS.

RECORDING OF FALSE, FICTITIOUS OR FRAUDULBNT STATEMENTS OR BWTRIES ON THIS DOCUMENT MAY BR PONISHED
RS A FELONY UNDER FED STATUBS TITLR 18 CHAFTBR 47,

THE MATERIAL WAS ROT RXPOSED TO MERCURY OR ANY METAL ALLOY THAT IS8 LIQUID AT AMBIENT TEMPERATURR
FURING PROCRSEING OR WWILE IN OUR POSSEBSION,

NO WELD OR WELD REPAIR WAS PERFORMED ON THIS MATERIAL.
THE RESULTS REPORTED RELATE CNLE TO THE ITEMS TRETED

MELTED AND MANUFACTURRD IN THE U.5.A.

R. A. BULLOCK BY HILDA BECTR
DIRECTOR QUAL. ASSURANCR
¥ & e

Figure A-20. Guardrail Nut Material Specifications, Test Nos. MGSMRH-1 and MGSMRH-2
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11/8442009 B6:18  482-761-3288 MIDWEST MACHINERY s
— )

Trinity Metals Laboratory 40,

4001 IRVING BLVD, 76247 P, BOX 688887 %Hn 2

1 N | -PO. b4
7 87 NVLAP LAB CODE 2008040

Phanes: 214,580.7591 FAX: 214,586,7654

Lab No: SO80059F Recaived Date: 08/07/2009 Complation Date: 08/10/2008

R E e Hmmm Mmmkmh

] ] 3
B S Lo FRCOUCTI L O PO or Work Order: 55-50063 Materiol Siza: 56° GR Nuts 33408
LIMA. OM 45801 Tast Spoc: FEO6 ASTM METHODS

Hardnoss Type: HARDNESS ROCKWELL BW
Hardneas Location: SURFACE of WRENCH RLAT -E
Hardneas Average: 88

OTHER TEST:

Type: NUT PROOF LOAD

Samples PASSED proof [oads of 16,950 LBS.

" Type: HEAD MARKINGS
- TRNL : -

PASSED
Measured Value Measured Amt .

Measured Value ]
Measurod Value ae

Quantity amount, §

Quantity amount: 1

We the above msults 1o be a true and accurate
report will vold certification. NVLAP Cettificate of
canification,

approval, or andorsemant by NVLAP, NIST, or any agency of the federal

sample(s) submitted. Atteration or mguﬂuﬂlmofﬂi:
mszei—uemmmn« chalm product
govormnmant,

Vit G

Lsb Dirsetos, Michwat 8, Bason, PE

Page2of2

Figure A-21. Guardrail Nut Material Specifications, Test Nos. MGSMRH-1 and MGSMRH-2
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11/04/2009 ©6:10  492-761-3288 MIDWEST MACHINERY TPAGE BT ————
S & T )
Trinity Metals Laboratory A0%%
A CIVISION OF TRINITY INDUSTRIES TRM 3
4001 IRVING BLVD. 78247 - P.O. BOX 568887 NVLAP LAB CODE 2006840

DALLAS, TX 75358-8887
Phone: 214.580.7561 FAX: 244.580.7594

Lab No: 9080059F Recelved Date; 08/D7/2009 Complotion Date: 081012008
SUE HENLINE h:-;tm Mﬂmnmn
v ESRAXICTRCAL 8 PO o Work Order: 55-60083 “Material Sizo: 5/8° GR Nuta 33408
LIMA, OH 45801 Test Spec: FB06 ASTM METHODS
; Other informetion: Lot # 0B0T1TNZ
HARDNESS TEST:
. PASSED
; Moasured Value Measured Amt
Hardness Typa: HARDNESS ROCKWELL BW
Hardnass Location: SURFACE of WRENGH FLAT - A Massiited Valuo ol
Herdness Average: 88.5 Measurad Velue 88
_ PASSED
Hardnees Typs: MARDNESS ROCKWELL BW Measured Value Weasured Amt
Hardness Location: SURFACE of WRENCH FLAT - B Measured Value 92
Merdness Average: 82 ] Mensured Valua 82
N
_ ) PASSED
Hardnoss Logation; SURFACE of WRENCH FLAT - & Measured Value e
Hardness Average: 87.5 M i Vahse o7
- PASSED
. Hordnioss Typo: HARDNESS.ROCKWELL BW-... .. | Measurad Value | - Measured Amt..| . . ..
Hardness Location: SURFACE of WRENCH FLAT - D Measured Value 20
Hardness Avarage: 88.5 . Measured Valus ™

mem;mm«mmmuu
report will vold corttfication, NVLAP Certificate of offective through 12-31-08.Thia raport may not bo used to clalm product

V) Rt

Lals Diracior, Mchan] . Baston, PE

e ) Page1of 2

Figure A-22. Guardrail Nut Material Specifications, Test Nos. MGSMRH-1 and MGSMRH-2
148



March 9, 2012

MwRSF Report No. TRP-03-255-12

A&/ Be/ 2009 16136 4@2-761-3288

N4

TRINITY BIGHEWAY PRODUCTS, LLC.

425 E. O'CONNOR AVENUE
LiMa, OHIO 43261
419-227-1296
. MATERIAL CRRTIFICATION
[‘cmrom"m §TOCK DATE: SANUARY 2,008
INVOICE #:
LOT #; 9612298
| PARY NUMBER: 3380C QUANTITY: 103,152
DESCRPTION:
578" X 1 % HE BOLT
—— DATE SHIPPED:
SFRCIFICATIONS: _
ASTME A307-4/A153 HEAT # 443370 & 446650
MATERIAL CHEMISTY
ClME| P | 8 | S {CU|NI[CRIMOJAL| V| N [CR{SN! B [T |NB
L9 3% 1006 1009|100 | 0% [ 06| 06 | A2 |.032 | .00% | BOSO | H00 | .0RS | .000Z | .00 | BOL
291 29 | 007} .00} 090 | 08 | 05| 87 | m2 | 923|001 | e 006 | 0081 { 981 | o0t
PLATING AND/OR PROTECTIVE COATING
1
{_HOT DIP GALYANIZING (OZ. FERSQ. FT) | 125 AVG. B!

AR PHIE PRODUCT WAS MANUFACTURED IN THE m:'m_n STATES OF AMBRICA™=*
THE MATERLAL USED IN THIS PRODUCT WAS MELTED AND MANUFACTURED IN THE U.8.A.

STATE OF OHIC, COUNTY OF ALLEN
EWORN, AND SUBSCRIBED BEFORE ME

OTARY PUBLAC

425 i O'"CONNOR AVENUE LIMA, OIIRO 45801 4192071196

Figure A-23. 1/5-in. (38-mm) Hex Bolt Material Specifications, Test Nos. MGSMRH-1 and

MGSMRH-2
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Costomer: MIDWEST MACH.& SUPFLY CO.

PAGE 44/52

Selea Order: 1093497 Print Date: 6/30/08
P 0. BOX §2097 Customer PO; 2030 Project: RESALE
‘ BOL# 43073 Shipped To: NE
Docement# 1 Use State: KS
LINCOLN, NE 68501-1057
Trinity Highway Producis. LLC
Certificate Of Compliance For Trinity Industries, Inc, #* SLOTTED RAIL TERMINAL **
NCHRP Report 350 Campliant

E Pieces Deseription
Z ™2 12712'6/S SRT-1
§ 32 12/25'0/SPEC/S SRT-2
g 32 3/16X12.5X16 CAB ANC BRKT

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

64 6'0 TUBE SL/,188X8X6
@32 /8 X 6 X 8 BEARING PLATE
g 32 . \2/BUFFER/ROLLED

32 CBL 3/AX6'6/DBL SWG/NOEWD

540 5/8% RD WASHER 1 3/4 OD

1,728 5/8" GR HEX NUT

1,152 5/3"%1,25" GR BOLT

256 5/5"%1.5" HEX BOLT A307

k54 5/8"X9.5" BEX BOLT A3(7

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

Aan-701-2908

ALLSTBELUSED WAS MELTED AND MANUFACTURED IN USA AND COMPLIBS WITH THE BUY AMERICA ACT
AEL GUARDRAIL MEBTS AASHTO M-180, ALL STRUCTURAL STEEL MEETS ASTM A36
gALL OTHER GALVANIZED MATERIAL CONFORMS WITH ASTM-123,

"30LTS COMPLY WITH ASTM A-307 SPECIFICATIONS AND ARE GALVANIZED IN AOCGRDLNCB WITH ASTM A-153, UNLESS OTHERWISE STATED.

"‘IUTS COMPLY WITH ASTM A-563 SPECIFICATIONS AND ARE GALVANIZED IN ACOORDANCE WITH ASTM A-153, UNLESS OTHERWISE STATED.
}A4" DLA CABLE 6X19 ZINC COATED SWAGED END AIS[C-lOi!S STEEL ANNEALED STUD 1'DIA ASTM449 AASHTO M30, TYPE I BREAKING
‘TRENGIH 49100 LB

Figure A-24. 9%:-in. (241-mm) Hex Bolt Material Specifications, Test Nos. MGSMRH-1 and MGSMRH-2

T1-SST-€0-d¥.L "ON Moday ASUMIN
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Figure A-25. %-in. (16-mm) Diameter Hex Nut Material Specifications, Test Nos.

MGSMRH-1 and MGSMRH-2
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25 E. 'Comnor , N N
Lime, GH 7 _

B W
S
¥ Costomer: MIDWEST MACH.&: SUPPLY CO. Soles Order: 1053497 Print Date: 6/30/08
P. 0. BOX 82007 Customer PG; 2030 Project: RESALE
§ ; BOL# 43073 Shipped To: NE
: Document# 1 Use State: KS
LINCOLN, NB 685011087
Trinity Highway Producis. LLC
Certificate OFf Compliance For Teinity Industies, Inc, ** SLOTTED RAIL TERMINAL **
NCHRP Report 350 Compliant

E Pieces Dezeription
Z 32 121126/ SRT-1
§ 32 12/250/SPEC/S SRT-2
g 32 3/16X12.5X16 CAB ANC BRKT

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

64 0 TUBE SL/.188X8X6
@32 5/8 X 6 X 8 BEARING PLATE
2 32 . 12/BUFFER/ROLLED

32 CBL 3/4X6'6/DBL SWG/HNOEWD

£40 5/8° RD WASHER 1 3/4 0D

1,728 5/8* GR HEX NUT

1,152 5/8"X1,25° GR BOLT

256 5/8"X1,5* HEX BOLT A307

k54 5/8"X9.5" BEX BOLT A3G7

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

Aan-761-2908

ALLSTEELUSED WAS MELTED AND MANUFACTURED IN USA AND COMPLIBS WITH THE BUY AMERICA ACT
AEL GUARDRAIL MEBTS AASHTO M-180, ALL STRUCTURAL STEEL MEETS ASTM A36
gA.L.L OTHER GALVANIZED MATERIAL CONFORMS WITH ASTM-123,

"30LT8 COMPLY WITH ASTM A-307 SPECIFICATIONS AND ARE GALVANIZED IN AMGRDMQG%WI'[HAS'MA-ISS UNLESE OTHERWISE STATED.
"\ILJTS COMPLY WITH ASTM A-563 SPECIFICATIONS AND ARE GALVANIZED IN ACCORDANCE WITH ASTM A-153, UNLESS OTHERWISE STATED.

lﬁ" DIA CABLE 6X19 ZINC COATED SWAGED END AISIC-iU!S STEEL ANNEALED STUD 1" DIA ASTM 449 AASHTO M30, TYPE I BREAKING
*mmmm 49100 LB

Figure A-26. %-in. (16-mm) Diameter Flat Washer Material Specifications, Test Nos. MGSMRH-1 and MGSMRH-2
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T10T ‘6 YoIeN



March 9, 2012
MwRSF Report No. TRP-03-255-12

o — - ——— - —— ———— e — e -~

|

PK- 20 |

%
. H#8200453 PCS./PZS.20 O bfﬂﬁﬂm o
: : |

. Made in/Hecho en Taiwan
b #HO1679033"
MR-l ot [] Hex Cap Screws Grade 5 USS |

ml mll” Ilﬂ H Torn Caheza Hex Grado § USS |
J;44g :

3/4-10x7-1/2
a5236 M19.0x190.5

Figure A-27. ¥%-in. (19-mm) Diameter Hex Bolt Material Specifications, Test Nos.

MGSMRH-1 and MGSMRH-2
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PK-25

3/4-10 ZC J995 5 HEX NUT
ZINC-CLEAR CHROMATE

Made in: TAIWAN
Heat no: 1N48S

Lot No: AB0%-8C0501 Ear "
2A09R3G - eggg'!%s ( l
1.8( A S

Figure A-28. ¥-in. (19-mm) Diameter Hex Nut Material Specifications, Test Nos.

MGSMRH-1 and MGSMRH-2
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Pk- 45

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

LOT#HO1 6?1964
Flat Washers USS
,H Arandelas Planas USS
B2236183473 M?l{: 0

Figure A-29. %-in. (19-mm) Diameter Flat Washer Material Specifications, Test Nos.

MGSMRH-1 and MGSMRH-2
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Appendix B - Vehicle Center of Gravity Determination
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Test: MGSMRH-1 Vehicle: 1100C Rio Sedan
Vehicle CG Determination
Weight LongCG Lat CG Long M Lat M

VEHICLE  Equipment (Ib) (in.) (in.) (Ib-in.) (Ib-in.)
+ Unbalasted Car 2401 34.98 -0.62 83980 -1493.94
% Brake receivers/wires 10 130 0 1300 0
- Brake Frame 5 29 -13 145 -65
- Brake Cylinder 22 63 14.5 1386 319
¥ Strobe Battery 4 59 0 236 0
- Hub 20 0 -38 0 -760
- CG Plate (EDRs) 15 35.25 0 528.75 0
- DTS 18 61 -13 1098 -234
- Battery -28 -9 -17.5 252 490
- Oil -6 -6 10 36 -60
- Interior -50 63 0 -3150 0
- Fuel -26 79 0 -2054 0
- Coolant -7 -19 4 133 -28
- Washer fluid -1 -15 20.5 15 -20.5
BALLAST  Water 41 79 0 3239 0

Misc. 0 0

Misc. 0 0

87144.75| -1852.44

TOTALWEIGHT [ 2418]ib CG location (in.)|_36.04001] -0.7661
wheel base 95 in.

MASH targets CURRENT Difference

Test Inertial Wt (Ib) 2420 (+/-)55 2418 2.0

Long CG (in.) 39 (+/-M4 36.04 -2.95999

Lateral CG (in.) N/A -0.77 NA

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

Dummy = 166lbs.

Curb Weight (Ib)

Front
Rear

FRONT
REAR
TOTAL

Actual test inertial weight (Ib)
(from scales)
Left Right Left Right
759] 758 Front 771| 729
468| 416 Rear 468| 461
1517 Ib FRONT 1500 Ib
884 Ib REAR 929 Ib
2401 Ib TOTAL 2429 b

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

Vehicle: 1100C RIO
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Vehicle CG Determination

Weight LongCG Lat CG LongM LatM

VEHICLE  Equipment (Ib) (in.) {in.) (Ib-in.) (Ib-in.)
+ Unbalasted Car 2449 35 57 -0.06 87115| -142.656
+ Brake receivers/wires 6 132 0 792 0
+ Brake Frame 5 31 -13 155 -65
+ Brake Cylinder 22 64 16 1408 352
- Strobe Battery 6 64 0 384 0
+ Hub 20 0 -37 0 -740
- CG Plate (EDRs) 8 37 0 296 0
+ DTS 18 65 -9 1170 -162
- Battery -34 -8.5 -15 289 510
- Qil -5 6.5 10 325 -50
- Interior -35 45 0 -1575 0
- Fuel 43 77 0 -3311 0
- Coolant -5 -18.5 0 925 0
- Washer fluid -2 -15.56 22 31 44
BALLAST  Water 0 0

Misc. 0 0

Misc. 0 0

86879| -341.656

TOTAL WEIGHT Ib CG location (in.)| 36.04938| -0.14177
wheel base 95 in.

MASH targets CURRENT Difference

Test Inertial Wt (Ib) 2420 (+/-)55 2410 -10.0

Long CG (in.) 39 (+/-4 36.05 -2.95062

Lateral CG (in.) N/A -0.14 NA

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

Curb Weight (Ib)

Front
Rear

FRONT
REAR
TOTAL

Actual test inertial weight (Ib)
(from scales)
Left Right Left Right
789| 743 Front 753] 742
438 479 Rear 462| 455
1532 Ib FRONT 1495 Ib
917 Ib REAR 917 Ib
2449 1b TOTAL 2412 Ib

Dummy = 166lbs.

Figure B-2. Vehicle Mass Distribution, Test No. MGSMRH-2
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091

Dynamic Set up Post-Test Photo of Post
Percent Finer vs. Grain Size of Fill Soil from Baseline Static and
Dynamic Load Tests
100
)
e
£ & m - -
'8 & Y
E : , A", I e —
§ n 1ol - \ £ K] L Rkl .'@
& 20 T.______ L) N : S
a "“-L. 1T -117.
0 H~ —— = SN AN .
10 1 0.1 0.01 » : | Dynamic Test/Installation Details
Grain Size, D (mm) | LAy |
Comparison of Load vs. Displacement = 7
14000 S ——
12000 - v Winch or
Oispiecementtom Hydraulic
10000 Accelemton Oata Cytinder
_ 8000 H o O
£ 6000 it i -
2 =4 Required Load s * Dicems v “ *
§ 4000 ' Siasiecement -‘g'ﬂgjufaifl“ _—H—"\ 3
200 Y e « 1|
0 3 Static Test i
0 10 20 30 Installation Details . 4
Displacement (in.) = =
DB i o soisinsnsssstssomsiniainsiasionisiasshses daibsonesnsssnss hosssons vans caubsoss 7/7/2005

Test Facility & Site Location
In situ soil description (ASTM D2487)
Fill material description (ASTM D2487) & sieve analysis
Description of fill placement procedure
Bogie Weight........cccoceiiimiiniiiiininiinnnicinnnas

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

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

... Midwest Roadside Safety Facility

... Well Graded Gravel (GW)

Well Graded Gravel (GW) (see sieve analyses above)

6-inch lits tamped with a pneumatic compactor

1605 Ibs

IMPACENOIOCHY ivinuansmismmvovivass vasnusssiasvivosvsvsissassesivassvasssonason 19.08 mph

Figure C-1. Soil Strength, Initial Baseline Tests

T1-$ST-€0-d L "ON Hodoy JSYMN
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Comparison of Static Load Test Resuits and Required Minimum:
Load vs. Displacement

8000
o 03d VS.
7000 Displacement
from Static Load
6000 Test
e \finimum Static
5000 Load
2 4000 .
; = MGSMAX-1static
S 3000 (Load Cell 1)
-
2000 s MG SMAX-1static
1000 (Load Cell 2)
D Ll
0 10 20 30 40
Displacement (in.)
- PercentFiner vs. Grain Size of Fill Soil from Static Load Tests
. A
20
70 :
5e i
o % =
Ew -
S oS
gn L S
10 - ﬂ‘
0 n
100 10 1 0.1 0.01
Grain Size, D (mm)
—8— 21512010
DALE.ceiieeiiiis i s 6/29/2010
Test Facility & Site Location........ccccceiivemmicciiinniciinnennaninen. Midwest Roadside Safety Facility
In situ soil description (ASTM D2487)......cccuerieemeeeerieennnsnaennenns Well Graded Gravel (GW)

Fill material description (ASTM D2487) & sieve analysis.

... Well Graded Gravel (GW) (see sieve analyses above)

Description of fill placement procedure........cooceiiiviienennnnnnnninin §-inch lifts tamped with a pneumatic compactor

Figure C-2. Static Soil Test, Test No. MGSMRH-1
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Comparison of Static Load Test Results and Required Minimum:
Load vs. Displacement Static Load Test Setup
7000 :
| 0ad Vs. ?
6000 - Displacement
from Static Load
Test
5000 e Minimum Static
Load
- 4000 \\
2
it m——MGSMRH-2
3. 0l N Static-2 (Load
S Cell 1)
= 2000
=== MGSMRH-2
1000 Static-2 (Load
Cell2)
0 L
0 10 20 30 40
Displacement (in.)
= Percent Finer vs. Grain Size of Fill Soil from Static Load Tests
93 l
8 -
70
5@ —~
£ @ A
Ew® -
2 L
]
a 20
10 \T\““”“-ﬂ !
100 10 1 0.1 0.01
Grain Size, D (mm)
—8— 5/5/2010
DALE..euiieieiereiie s isssssr s a e st r e e e s e sereassesanenan 9/9/2010
Test Facility & Site LOCAtioN......cccocerieriiienineriiisiisesiesenmnunnsnnnans Midwest Roadside Safety Facility
In situ soil description (ASTM D2487).....cccccererremncenceenneeennannnns Well Graded Gravel (GW)
Fill material description (ASTM D2487) & sieve analysis............ Well Graded Gravel (GW) (see sieve analyses above)
Description of fill placement procedure........covvieviennminnnen. 8-inch lifts tamped with a pneumatic compactor

Figure C-3. Static Soil Test, Test No. MGSMRH-2

T1-$ST-€0-dYL "ON Hodoy ISYMIN
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TEST: MGSMRH-1

VEHICLE: 1100C Rio Sedan

VEHICLE PRE/POST CRUSH

FLOORPAN - SET 1

March 9, 2012

MwRSF Report No. TRP-03-255-12

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

X Y. z X ¥ z ax ay AZ
POINT (in.) (in.) (in.) (in.) (in.) (in.) (in.) (in.) (in.)
1 28 814 4 1/2 28 1/4 8 1/2 434 1/4 114 -1/4
2 29 34 12 3/4 4172 30 13 412 1/4 174 0
3 30 14 18 -314 30 18 1/4 -31/2 - 14 1/4 -1/4
4 26 24 3/4 -134 2534 24 172 -13/4 -1/4 -1/4 0
5 23314 7172 -7 1/4 2334 734 -1 172 0 114 -1/4
6 2534 12 314 -8 14 26 13 -8 1/4 1/4 1/4 0
7 26 17 14 -8 26 1/4 17 1/4 -71/4 1/4 0 34
8 24 14 25314 4 3/4 2414 25314 434 0 0 0
9 20 14 7172 -91/2 2014 T34 -91/2 0 1/4 0
10 2114 13 -91/2 2114 13 1/4 -9314 0 1/4 -1/4
1 22 19 8172 22 19 14 -8 3/4 0 1/4 -1/4
12 22 2412 -8 172 2214 24172 -8 12 1/4 0 0
13 16 8 -9 16 814 -91/4 0 1/4 -1/4
14 16 1/2 13 1/4 -9 16 172 13 3/4 914 0 112 -1/4
15 17314 18 14 -8 1/2 17 1/2 18 3/4 -8 3/4 -1/4 1/2 -1/4
16 18 25112 -8 1/2 18 25 -8 1/2 0 -1/2 0
1 934 314 4 1/2 934 314 434 0 0 -1/4
18 1114 8 1/4 -9 1112 814 -9 1/4 0 0
19 1134 13 1/2 -9 12 13 172 -9 1/4 0 0
20 12 18 114 -8 14 12 18 1/2 -8 1/2 0 114 -1/4
21 14 172 2414 -8 14 14 172 25 -8 14 0 3/4 0
22 434 4 -4 14 434 4 414 0 0 0
23 6 1/2 11 -8 1/2 634 1114 -8 34 1/4 1/4 -1/4
24 7 19 1/2 -8 63/4 19 314 -8 -1/4 1/4 0
25 634 25 -1 314 634 251/4 -13/4 0 1/4 0
26 3/4 6172 4 3/4 3/4 6172 434 0 0 0
27 1/2 13 14 -5 14 172 13 1/4 -51/4 0 0 0
28 1/2 23 -4 14 1/4 23 1/4 -4 1/4 - 1/4 1/4 0
29 i L 0 0 0
30 0 0 0
31 0 0 0
\ DASHBOARD /

DEIDR\ .

/|

Figure D-1. Floor Pan Deformation Data — Set 1, Test No. MGSMRH-1
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VEHICLE PRE/POST CRUSH
FLOORPAN - SET 2

TEST: MGSMRH-1

March 9, 2012

MwRSF Report No. TRP-03-255-12

Note: If impact is on driver side need to

VEHICLE: 1100C Rio Sedan enter negative number for Y
X ¥ Z X ¥ zZ ax Ay az

POINT in.) in.) in.) (in.) {in.) (in.) in.) (in.) (in.)
1 38 12 -4 38 12 -4 1/4 0 0 -1/4
2 40 16 1/2 412 39 3/4 16 1/2 -4 3/4 - 1/4 0 -1/4
3 40 1/4 22 -4 39 3/4 22 4 - 112 0 0
4 35314 28 144 -3 35172 28 1/4 -31/4 - 1/4 0 -1/4
5 3334 1114 -7 33 3/4 11172 -7 0 1/4 0
6 36 16 1/4 -8 172 36 16 1/4 -8 1/2 0 0 0
7 36 1/4 21 -7 3/4 36 1/4 20 3/4 -7 3/4 0 - 1/4 0
8 34 1/4 29 172 -6 1/4 34 1/4 29 172 -6 1/4 0 0 0
9 30 1/2 11 1/2 -9 30172 11.1/2 -91/4 0 0 -1/4
10 31172 16 3/4 -91/2 31172 16 3/4 -10 0 0 -12
11 3214 | 2234 -9 1/4 32 1/4 22 3/4 9172 0 0 -1/4
12 3212 27 3/4 -9 3/4 3214 28 -10 -1/4 1/4 -1/4
13 26 11 1/2 -81/2 26 1/4 11 1/2 -9 1/4 0 -1/2
14 26 3/4 17 1/4 -9 1/4 27 17 -91/2 1/4 - 1/4 -1/4
15 28 22 1/4 -9 1/4 28 22172 -91/2 0 1/4 -1/4
16 2814 | 281/4 -9 3/4 281/4 | 28314 -9 3/4 0 1/2 0
17 19 1/2 71/4 -33/4 19 1/2 71/4 -4 0 0 - 1/4
18 22 11172 -8 3/4 22 11172 -8 3/4 0 0 0
19 22 112 17 -9 22112 16 3/4 -9 1/4 0 - 1/4 - 1/4
20 22314 | 21172 -9 22 3/4 21172 9 0 0 0
21 25 28 1/4 -9 172 24 3/4 28 1/4 -9 1/2 - 1/4 0 0
22 14 3/4 8 -31/12 14 1/2 8 -31/2 - 1/4 0 0
23 17 14 1/2 -8 1/2 17 14 1/2 -8 3/4 0 0 -1/4
24 17 23 -8 34 17 1/4 23 -8 34 1/4 0 0
25 17 28 172 -9 1/4 17 1/4 28 172 -91/4 1/4 0 0
26 10 3/4 10 1/2 -4 1/4 10 3/4 10 1/4 -4 1/2 0 -1/4 -1/4
27 10 3/4 17 1/4 512 10 3/4 17 5172 0 -1/4 0
28 10 3/4 27 -5 1/2 10 3/4 26 3/4 -5 1/2 0 - 1/4 0
29 0 0 0
30 0 0 0
N 0 0 0

DASHBOARD

DDDR\ :

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

MGSMRH-1
VEHICLE: 1100C Rio Sedan

VEHICLE PRE/POST CRUSH

INTERIOR CRUSH - SET 1

March 9, 2012

MwRSF Report No. TRP-03-255-12

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

% Y z X v z aX av az
POINT | (in) (in.) (in.) (in.) (in.) (in.) in.) in.) {in.)
A 3312 [ 32 181/2 [ 3314 [ 3134 | 1834 [ -14 -1/4 1/4
A2 3312 | 3834 | 19 3312 | 3812 [ 19 0 -14 | o
§ A3 33172 45172 19 1/4 33172 45 1/2 19 1/4 0 0 0
a Ad 2812 | 3314 | 14 2814 | 3212 | 1334 | -1 -3/4 - 114
A5 2812 | 40 141/4 | 2812 | 3914 | 1414 | 0 -4 | 0
A6 231/2 | 481/4 | 1414 | 2814 | 4712 | 1412 | -4 - 34 1/4
w B1 3234 | 2414 | 3 3234 | 2434 | 314 | 0 112 - 114
SZ | B2 | 30 24172 34 | 30 25 1/2 0 112 - 1/4
o B3 29 2334 | 212 | 29 24 3 0 1/4 - 112
i3 c1 26314 | 36 1634 | 2634 | 36 1612 [ 0 0 - 114
= c2 1712 | 36 1734 | 1712 | 3614 | 1734 | 0 1/4 0
g=n. | €3 8 3634 | 1834 [ 8 7 1834 | 0 1/4 0
E 8 ca 213/4 | 2934 | -14 | 2134 | 2934 [ -12 [ o 0 - 14
= c5 1334 | 2912 | 112 | 1334 [ 2912 | 112 | 0 0 0
— [ 334 | 3012 | s 334 | 3034 | 514 | 0 1/4 1/4
D1 ] ' 0 0 0
D2 0 0 0
D3 0 0 0
D4 0 0 0
D5 0 0 0
D6 0 0 0
w D7 0 0 0
2 D8 0 0 0
= D9 0 0 0
D10 0 0 0
D11 0 0 0
D12 0 0 0
D13 0 0 0
D14 0 0 0
D15 0 0 0
\ DASHBOARD

DDDR\

Figure D-3. Occupant Compartment Deformation Data — Set 1, Test No. MGSMRH-1
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TEST:

MGSMRH-1
VEHICLE: 1100C Rio Sedan

VEHICLE PRE/POST CRUSH

INTERIOR CRUSH - SET 2

March 9, 2012

MwRSF Report No. TRP-03-255-12

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

X Y Z X Y z aX av oz
POINT | (in) {in) {in) {in) {in) in.) in.) {in.) {in.)
Al 4934 | 3412 | 19 50 3414 | 19 1/4 - 1/4 0
A2 50 41 1812 | 5014 | 41 18 112 1/4 0 0
% A3 50 1/4 | 48 173/4 | 501/4 | 48 1734 | 0 0 0
Al 4512 | 3414 | 14 4534 | 3414 | 14 1/4 0 0
A5 4534 | 4114 | 1312 | 4534 [ 4114 [ 1312 [ 0 0 0
A6 4512 | 491/2 | 1234 | 4512 | 4914 | 13 0 14 1/4
w i@ B1 52 28 5 52 28 434 | 0 0 1/4
SZ [ B2 | 4914 | 27 1 4914 | 27 -1 0 0 0
o B3 481/4 | 261/4 | 41/4 | 481/2 | 261/4 | -41/4 174 0 0
w & | 30 172 38 14 3/4 30 1/4 38 14 3/4 -1/4 0 0
o = c2 21 3834 | 16 21 3834 | 16 0 0 0
s c3 1112 | 3912 | 17 112 | 3912 | 17 0 0 0
E 2 c4 281/4 | 3314 | 2 2814 | 3314 | 2 0 0 0
= C5h 20 1/4 331/4 -31/4 20 1/4 331/4 -3 0 0 1/4
B C6 834 | 34 314 | 9 3414 | 3172 1/4 1/4 1/4
D1 0 0 0
D2 0 0 0
D3 0 0 0
D4 0 0 0
D5 0 0 0
D6 0 0 0
w D7 0 0 0
8 D8 0 0 0
i D9 0 0 0
D10 0 0 0
D11 0 0 0
D12 0 0 0
D13 0 0 0
D14 0 0 0
D15 0 0 0
\ DASHBOARD
C1

DDDR\

Figure D-4. Occupant Compartment Deformation Data — Set 2, Test No. MGSMRH-1
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Date: 7/6/2010 Test Number: MGSMRH-1

Make: Kia Model: 1100C Rio Sedan

March 9, 2012

MwRSF Report No. TRP-03-255-12

Year:

2003

—~— EQUAL
JJ DISTANCE

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

Width of contact and induced crush - Field L:
Crush measurement spacing interval (L/5) - It
Distance from center of vehicle to center of Field L - Dgp:

‘Width of Contact Damage:
Distance from center of vehicle to center of contect damage - D¢:

77

32.125

6.425
16.062

5

28.125

18.062

5

(mm)

(1956)

(816)
(163)
(408)
(714)
(459)

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

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

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

G 8 (203) 0 0 9.25 (235) -1.54 -(39) 0.3 (7
C; 9 (229) 6.425 (163) 9.39 (239) 1.1 (29)
Ca 9.5 (241) 12.85 (326) 10.02  (254) 1.0 (26)
Cy 14 (356) 19.275  (490) 11.52 (292) 4.0 (102)
Cs 30 (762) 25.7 (653) 14.09 (358) 17.4 (443)
Cs 31 (787) 32.125 (816) 29.50 (749) 3.0 a7n
Chapax 30 (762) 25.7 (653) 14.09 (358) 17.4 (443)

Figure D-5. Exterior Vehicle Crush (NASS) - Front, Test No. MGSMRH-1
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March 9, 2012

MwRSF Report No. TRP-03-255-12

Date: 7/6/2010 Test Number: MGSMRH-1
Make: Kia Model: 1100C Rio Sedan Year: 2003
+
i —— [ _
[
+
in. (mm)
Distance from centerline to reference line - Lggg: 39 (991)
‘Width of contact and induced crush - Field L: 166 (4216)
Crush measurement spacing interval (L/S) - I:  33.2 (843)
Distance from vehicle c.g. to center of Field L - Dg; ;. -14 -(356)
‘Width of Contact Damage: 58.75 (1492)
Distance from vehicle c.g. to center of contect damage - De: 39.875  (1013)
NOTE: Enter "NA" for crush measurement if distance can not be measured (i.e., front of vehicle has been pushed inward or tire has been remeoved)
Crush Longitudinal Original Profile Dist. Between
h
Measurement Location Measurement Ref. Lines e i
in. {(mm) in. (mm) im. (mm}) im. (mm) . (mm)
Cy NA NA -97 -(2464) 22,75 (578) 3 (76) NA NA
C: 7.5 (191) 63.8  -(1621) 4.25 (108) 0.3 (6)
Cs 6.5  (165) -30.6 (777) 3.13 (79) 0.4 (10)
C, 6.25 (159) 2.6 (66) 3.13 (79) 0.1 3)
Cs Na NA 35.8 (909) 4.00 (102) NA NA
Cs NA NA 69 (1753) 23.50 (597) NA NA
Caax 14 (356) 47 (1194) 4.38 (111) 6.6 (168)

Figure D-6. Exterior Vehicle Crush (NASS) - Side, Test No. MGSMRH-1

169



TEST: MGSMRH-2
VEHICLE: 1100C RIO

VEHICLE PRE/POST CRUSH
FLOORPAN - SET 1

March 9, 2012

MwRSF Report No. TRP-03-255-12

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

X e z X Y z aX ay a7z
POINT (in.) (in.) (in.) (in.) (in.) (in.) (in.) (in.) (in.)
1 27 112 3 -4 3/4 27 172 8 -4 1/2 0 0 1/4
2 29 1/4 12 3/4 -4 3/4 29 1/4 12 3/4 -4 12 0 0 1/4
3 28 34 17 4 172 28 3/4 17 172 4 0 172 172
4 26 1/4 24 -13/4 26 24 172 -11/4 -1/4 1/2 1/2
5 24 1/4 3 -6 1/4 24 1/4 8 -6 0 0 1/4
6 25172 11 1/4 -8 25172 11 1/4 -11/2 0 0 1/2
7 2534 17 -7 26 17 -6 1/2 1/4 0 1/2
8 24 112 24 3/4 -4 3/4 24 1/4 25 -4 1/2 -1/4 1/4 1/4
9 20 1/2 8 -§ 34 20 1/2 8 -8 1/2 0 0 1/4
10 21172 12 3/4 -9 21172 12 3/4 -8 3/4 0 0 1/4
11 21 3/4 17 -8 22 17 -7 3/4 1/4 0 1/4
12 21172 23 3/4 -8 1/4 21172 23 3/4 -7 3/4 0 0 1/2
13 16 1/4 712 -8 1/4 16 1/4 71/2 -8 1/4 0 0 0
14 16 1/2 13 3/4 -8 112 16 3/4 13 1/2 -8 1/4 1/4 -1/4 1/4
15 17 18 1/2 -8 17 18 1/2 -7 3/4 0 0 1/4
16 18 24 1/2 -8 18 24 3/4 -7 12 0 1/4 1/2
17 9 3/4 4 -31/2 9 3/4 4 -3 1/2 0 0 0
18 11172 7 3/4 -8 111/2 734 -8 0 0 0
19 113/4 14 -8 11 3/4 13 3/4 -7 314 0 -1/4 1/4
20 12 18 1/2 -7 112 12 18 3/4 -7 1/2 0 1/4 0
21 11 1/4 24 1/2 -7 172 11 1/4 24 1/2 -6 1/2 0 0 1
22 6 1/4 4 -3 1/4 6 4 -3 14 -1/4 0 0
23 6 3/4 11 1/4 -7 3/4 6 3/4 11 1/4 -711/2 0 0 1/4
24 6 3/4 18 1/2 -7 1/4 6 3/4 18 3/4 -7 0 1/4 1/4
25 7314 25 1/4 -7 1/4 712 25 -6 1/2 -1/4 -1/4 3/4
26 114 73/4 4 11/4 734 -3 34 0 0 1/4
27 1 17 1/4 -4 1/2 1 17 1/4 -4 1/4 0 0 1/4
28 11/2 24 1/2 -3 3/4 11/2 24 1/4 -3 314 0 -1/4 0
29 0 0 0
30 0 0 0
31 0 0 0
\ DASHBOARD /

DDDR\ .

Figure D-7. Floor Pan Deformation Data — Set 1, Test No. MGSMRH-2
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March 9, 2012
MwRSF Report No. TRP-03-255-12

VEHICLE PRE/POST CRUSH
FLOORPAN - SET 2
TEST: MGSMRH-2 Note: If impact is on driver side need to
VEHICLE: 1100C RIO enter negative number for Y
X Y Z X ¥ Z ax ay Az
POINT (in.) (in.) (in.) (in.) (in.) (in.) (in.) (in.) (in.)
1 335 11.25 4.25 335 11.75 425 0 1/2 0
35.25 16.5 4 35.25 16.25 4.25 0 -1/4 -1/4
3 34.75 21.25 -3.75 345 21.25 4 - 1/4 0 -1/4
4 32 28 -1.25 31.75 285 -1.25 -1/4 1/2 0
5 30.25 11.25 575 30.25 1 -5.75 0 -1/4 0
6 31.75 14.25 75 31.75 14.75 -7.25 0 172 114
7 32 20.25 6.5 32 205 6.5 0 1/4 0
8 30.25 29 4.5 30.25 295 4.5 0 1/2 0
9 26.5 11.5 8.5 265 11.25 8.5 0 -1/4 0
10 275 16.25 8.5 275 16.25 -8.75 0 0 -1/4
11 28 20.25 -1.5 28 205 7.75 0 1/4 -1/4
12 275 275 -8 275 28 -8 0 172 0
13 2225 115 -8 226 11.25 -8 1/4 - 114 0
14 22.75 17 -8.25 23 16.75 -8.5 1/4 -1/4 -1/4
15 23.25 21.75 -8 23.25 22 -8 0 1/4 0
16 24 28.25 -8 24 285 75 0 1/4 112
17 15.75 8 -3.5 15:25 8 -3.5 0 0 0
18 175 11.75 -8 17.5 11.25 -8 0 =112 0
19 18 17.75 -8 18 17.5 -8 0 - 114 0
20 18.25 2225 -1.75 18.25 225 -1.75 0 1/4 0
21 17.5 28.25 -1.75 17.25 285 -6.75 -1/4 1/4 1
22 12.25 8 -3.25 12 75 -3.25 -1/4 -1/2 0
23 12.75 15.25 -1.75 13 15.25 -8 1/4 0 -1/4
24 13 2225 -15 13 225 7.5 0 1/4 0
25 14 29 -1.5 13.5 29.25 -7 - 12 1/4 112
26 7.25 11.5 4.25 7.5 11.5 4.25 1/4 0 0
27 7 21 4.75 7.25 21 4.75 1/4 0 0
28 7.25 28.25 -4.25 7.5 28 4.25 1/4 - 114 0
29 0 0 0
30 0 0 0
31 0 0 0

\ DASHBOARD /

DDDR—\ . /— DOOR

Figure D-8. Floor Pan Deformation Data — Set 2, Test No. MGSMRH-2
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TEST:

MGSMRH-2
VEHICLE: 1100C RIO

VEHICLE PRE/POST CRUSH

INTERIOR CRUSH - SET 1

March 9, 2012

MwRSF Report No. TRP-03-255-12

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

X Y Z X ¥ Z ax ay oz
POQINT (in.) (in.) (in.) (in.) (in.) (in.) (in.) (in.) (in.)
Al 49 3/4 3134 19 3/4 49 3/4 3112 20 0 - 14 1/4
A2 50 1/4 39 19 3/4 50 1/4 39 20 0 0 1/4
% A3 50 1/4 45112 19 1/2 50 45 1/2 19 3/4 -1/4 0 1/4
g Ad 45 1/4 331/4 14 1/2 45 1/4 33 14 3/4 0 - 14 174
A5 45172 39 3/4 14 3/4 45 1/2 39172 14 3/4 0 - 114 0
AB 45 1/2 47 14 3/4 45 12 47 15 0 0 1/4
w D B1 21 23 1/4 1/2 21 23 1/4 1/2 0 0 0
% <ZC B2 221/4 23172 -2 3/4 22 112 23 3/4 -2 112 1/4 1/4 1/4
o B3 19 3/4 23 -2 112 19 3/4 23 1/4 -2 1/4 0 1/4 1/4
w C1 26 33 17 25 3/4 33 17 1/4 -1/4 0 1/4
% Cc2 15 36 1/2 18 1/2 14 3/4 36 3/4 18 1/2 -1/4 1/4 0
— % C3 6 3/4 37 1/4 19 3/4 61/2 3712 19 3/4 -1/4 1/4 0
g 8 C4 21172 26 1 21 1/2 26 1 0 1] 0
= C5 15 29 3/4 -3/4 14 1/2 29 3/4 -12 -1/2 0 1/4
Cé 31/2 30 172 3 31/4 30 1/4 314 -1/4 -1/4 1/4
D1 0 0 0
D2 0 0 0
D3 0 0 0
D4 0 0 0
D5 Omitted due to improbability of damage 0 0 0
D6 0 0 0
s D7 0 0 0
2 D8 0 0 0
= D9 0 0 0
D10 0 0 0
D11 0 0 0
D12 0 0 0
D13 0 0 0
D14 0 0 0
D15 0 0 0

DDDR\

Figure D-9. Occupant Compartment Deformation Data — Set 1, Test No. MGSMRH-2
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TEST:

MGSMRH-2

VEHICLE: 1100C RIO

VEHICLE PRE/POST CRUSH

INTERIOR CRUSH - SET 2

March 9, 2012

MwRSF Report No. TRP-03-255-12

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

X Y Z X Y Z ax ay aZ
POINT (in.) (in.) (in.) (in.) (in.) (in.) (in.) (in.) (in.)
Al 32 3/4 32314 19 3/4 32 3/4 32172 19 1/2 0 -1/4 -1/4
A2 3314 3914 19 3/4 33 3934 20 -1/4 1/2 1/4
% A3 3314 45 3/4 19 1/2 33 46 19 3/4 - 1/4 1/4 1/4
g A4 29 3/4 33 3/4 14 3/4 29 172 33 3/4 14 3/4 -1/4 0 0
A5 29 3/4 40 1/4 15 29 3/4 40 1/4 14 3/4 0 0 -1/4
AB 30 47 1/4 15 29 3/4 47 172 14 3/4 -1/4 1/4 -1/4
w B1 26 1/2 24 1/2 3/4 26 1/2 24 1/2 1/2 0 0 - 1/4
3 E B2 28 24 -2 112 28 14 24 1/4 -2 1/2 1/4 1/4 0
o B3 25 1/2 23 3/4 -2 1/4 25 1/2 24 -2 1/4 0 1/4 0
w C1 30 57 1/4 17 30 57 17 0 -1/4 0
% C2 19 1/4 57 1/2 18 19 57 1/4 18 -1/4 -1/4 0
5 % C3 11 57 112 19 1 57 3/4 19 0 1/4 0
& g Cc4 28 1/2 5314 3/4 28 1/2 5334 1/2 0 1/2 -1/4
= C5 221/2 5314 -1 22 1/4 5314 -1 -1/4 0 0
N C6 11 1/4 53 1/4 212 1 53114 212 -1/4 0 0
D1 0 0 0
D2 0 0 0
D3 0 0 0
D4 0 0 0
D5 Omitted due to improbability of damage 0 0 0
D6 0 0 0
w D7 0 0 0
§ D3 0 0 0
D9 0 0 0
D10 0 0 0
D11 0 0 0
D12 0 0 0
D13 0 0 0
D14 0 0 0
D15 0 0 0
\ DASHBOARD ‘}/ A2

DDDR\

Figure D-10. Occupant Compartment Deformation Data — Set 2, Test No. MGSMRH-2
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Date: 9/10/2010 Test Number: MGSMRH-2

Make: Kia Model: 1100C RIO

March 9, 2012
MwRSF Report No. TRP-03-255-12

2004

| |~— EQuAL
I Cs T y: | DISTANCE
C a C—— (’\ | /' s
E; 1 _ - T = = 'I_ / __>
I - [
C, | 1 Y
|
| [ LN |
| ( I
“~REF
in. (mm) b
Distance from C.G. to reference line - Lggp:  71.75 (1822)
Width of contact and induced crush - Field L: 32.375 (822)
Crush measurement spacing interval (L/5) -I:  6.475 (164)
Distance from center of vehicle to center of Field L - Dyt 16.1875 (411)
‘Width of Contact Damage: 25.375 (645)
Distance from center of vehicle to center of contect damage - De: 19.6875 (500)
NOTE: Enter "NA" for crush measurement if distance can not be measured (i.e.. side of vehicle has been pushed inward)
Crush Lateral Original Profile Dist. Between Rel.
Actual Crush
Measurement Location Measurement Lines
in. (mm) in. (mm) in. (mm) in. (mm) in. (mm)
(o] 3 (76) 0 0 9.25 (235) -6.80 -(173) 0.5 (14)
Cs 3.5 (89) 6.475 (164) 9.39 (239) 0.9 (23)
Cs 4.25 (108) 12.95 (329) 10.02  (254) 1.0 (26)
Cy 9.5 (241) 19.425 (493) 11.52 (292) 4.8 (122)
Cs 1225 (311) 25.9 (658) 14.23  (362) 4.8 (122)
Cs NA NA 32375 (822) 20.50 (749) NA NA
Chax 8.25 (210) 14 (356) 10.25 (260) 4.8 (122)

Figure D-11. Exterior Vehicle Crush (NASS) - Front, Test No. MGSMRH-2
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Date: 9/10/2010 Test Number: MGSMRH-2

Make: Kia Model: 1100C RIO

March 9, 2012

MwRSF Report No. TRP-03-255-12

Year:

2004

Distance from centerline to reference line - Lggr: 39 (991)

Width of contact and induced crush - Field L: 90.75 (2305)
Crush measurement spacing interval (L/5) - It
Distance from vehicle c.g. to center of Field L - Dg:

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

in. (mm)

18.15 (461)

24.375 (619)

90.75  (2305)

50.25  (1276)

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

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

. (mm) . (mm) . (mm) m. (mm) . (mm})

Cy 7.25 (184) -21 -(533) 3.13 (79 3 (76) 1.1 29

C; 7.25  (184) -2.85 -(72) 3.13 (79) 1.1 (29)

Cs 775 (197) 153 (389) 3.13 (79) 1.6 (41)

Cy 7.75  (197) 33.45 (850) 4.00 (102) 0.8 (19)
Cs 12.25  (311) 51.6 (1311) 4.03 (102) 5.2 (133)

Cs NA NA 69.75 (1772) 23.50 (597) NA NA
Crax 18 (457) 57 (1448) 5.00 (127) 10.0 (254)

Figure D-12. Exterior Vehicle Crush (NASS) - Side, Test No. MGSMRH-2
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March 9, 2012
MwRSF Report No. TRP-03-255-12

Appendix E - Accelerometer and Rate Transducer Data Plots, Test No. MGSMRH-1
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Acceleration (g's)

-10

Longitudinal CFC 180 10 msec Extracted Average Acceleration-DTS
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Figure F-1. Test Installation Layout, Test No. MGSMRH-2
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Midwest Guardrail System at 36" Rail Height
Iltem No. QTY. Description Material Specification Hardware Guide
al 25 W6x8.5 72in [W152x12.6 1829] long steel post ASTM A36 Steel PWEOE
a2 25 8"x12"x14 1/4" [152x305x362] Blockout SYP Grade No.1 or better PDB10a—b
a3 12 12'—8" [3810] W—Beam MGS Section 12 gauge [2.7] AASHTO M180 RWM0O4a
a4 1 12'—6" [3810] W—Beam MGS End Section 12 gauge [2.7] AASHTO M180 RWM14a
a5 1 6'—3" [1905] W—Beam MGS Section 12 gauge [2.7] AASHTO M180 RWMO1a
ab 25 16D Double Head Nail - -
b1 72" [1829] Foundation Tube ASTM A500 Grade B PTECS
= 3G Timber Fost —WGS Reign P e Lo e (e Boite, T8 poror
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ba 2 BCT Cable Anchor Assembly @3/4” [19] 6x19 "ESES'PS Galvanized Wire FCAQ1-02
b5 2 Anchor Bracket Assembly ASTM A36 Steel FPAO
b6 2 8"xB"x5/8" [203x203x16] Anchor Bearing Plate ASTM A36 Steel FPBO1
b7 2 2 3/8" [60] 0.D.x 6” [152] long BCT Post Sleeve ASTM A53 Grade B Schedule 40 FMM02
b8 112 5/8"Dia. x 1 1/2" [M’lﬁ X 33] Guardrail Bolt and Nut ASTM A307 Steel FBBO1
b9 4 5/8"Dia. x 10” [M16 x 254] long Guardrail Bolt and Nut ASTM A307 Steel FBBO3
b10 25 5/8"Dia. x 14" [M16 x 356] long Guardrail Bolt and Nut ASTM A307 Steel FBBO6
b11 16 5/8"Dia. x 1 1/2" [M16 x 38] long Hex Head Bolt and Nut ASTM A307 Steel FBX16a
b12 4 5/8"Dia. x 10" [M16 x 254] long Hex Head Bolt and Nut ASTM A307 Steel FBX16a
b13 44 5/8"Dia. [16] Flat Washer ASTM F436 Crade 1 FWC14q
b14 4 3/4"Dia. x 7 1/2" [M20 x 191] long Hex Head Bolt and Nut ASTM A325 Steel FBX22a
b15 8 3/4"Dia. [19] Flat Washer ASTM F436 Grade 1 FWC22a
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Bill of Materials 7/13/2011
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Figure F-10. Bill of Materials, Test No. MGSMRH-2
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Figure G-1. 10-ms Average Longitudinal Deceleration (EDR-4), Test No. MGSMRH-2
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Figure G-3. Longitudinal Occupant Displacement (EDR-4), Test No. MGSMRH-2
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Figure G-4. 10-ms Average Lateral Deceleration (EDR-4), Test No. MGSMRH-2
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Figure G-5. Lateral Occupant Impact Velocity (EDR-4), Test No. MGSMRH-2
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Figure G-6. Lateral Occupant Displacement (EDR-4), Test No. MGSMRH-2
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Figure G-7. Vehicle Angular Displacements (EDR-4), Test No. MGSMRH-2
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Figure G-8. Acceleration Severity Index (EDR-4), Test No. MGSMRH-2
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Figure G-9. 10-ms Average Longitudinal Deceleration (DTS), Test No. MGSMRH-2
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Figure G-10. Longitudinal Occupant Impact Velocity (DTS), Test No. MGSMRH-2
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Figure G-11. Longitudinal Occupant Displacement (DTS), Test No. MGSMRH-2
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Figure G-12. 10-ms Average Lateral Deceleration (DTS), Test No. MGSMRH-2
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Figure G-13. Lateral Occupant Impact Velocity (DTS), Test No. MGSMRH-2
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Figure G-14. Lateral Occupant Displacement (DTS), Test No. MGSMRH-2
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Figure G-15. Vehicle Angular Displacements (DTS), Test No. MGSMRH-2
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Figure G-16. Acceleration Severity Index (DTS), Test No. MGSMRH-2
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Figure G-17. 10-ms Average Longitudinal Deceleration (EDR-3), Test No. MGSMRH-2
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Figure G-18. Longitudinal Occupant Impact Velocity (EDR-3), Test No. MGSMRH-2
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Figure G-19. Longitudinal Occupant Displacement (EDR-3), Test No. MGSMRH-2
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Figure G-20. 10-ms Average Lateral Deceleration (EDR-3), Test No. MGSMRH-2
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Figure G-21. Lateral Occupant Impact Velocity (EDR-3), Test No. MGSMRH-2
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Figure G-22. Lateral Occupant Displacement (EDR-3), Test No. MGSMRH-2
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Figure G-23. Acceleration Severity Index (EDR-3), Test No. MGSMRH-2
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