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DISCLAIMER STATEMENT
This report was completed with funding from the Federal Highway Administration, U.S.
Department of Transportation. The contents of this report reflect the views and opinions of the
authors who are responsible for the facts and the accuracy of the data presented herein. The
contents do not necessarily reflect the official views or policies of the state highway departments
participating in the Midwest States Regional Pooled Fund Program nor the Federal Highway
Administration, U.S. Department of Transportation. This report does not constitute a standard,

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

UNCERTAINTY OF MEASUREMENT STATEMENT
The Midwest Roadside Safety Facility (MwWRSF) 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 %-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 Ib (820 kg), while the small car vehicle utilized in MASH weighs 2,425 Ib (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 (I1S) 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 Ib (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-Ib (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



Table 1. Recent Small-Car Testing Performed on W-Beam Guardrail Systems
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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. 3-10 utilizing an
7
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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 (MwWRSF)

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

32in. (813 mm) to demonstrate the barrier performance at the maximum allowable rail height, and
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the MGS satisfied NCHRP Report 350 evaluation criteria [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, MwWRSF 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 MGS [27]. The SRT-
9
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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.

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
10
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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.

Figure 1. Test No. FR-3, otetial for Wheel nag

11
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Figure 2. Test No. FR-5, Wheel Snag
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Figure 3. Test No. 2214MG-3, Wheel Snag
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Figure 4. Test No. 2214MG-3, Vehicle YawsToward 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.

20,17
1

37.73" = 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
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top of the bumper and the upper edge of the side panel is approximately 17.5 in. (445 mm),

providing a broad area for rail interaction without the rail contacting the A-pillar.

g |
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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

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.

Fnewhnew - nominalhnominal [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
Frew = Frominal (—) [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:

Foew = Fnominat (hnominal) ( dnew )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

the experts in roadside safety. This includes a thoughtful use of the geometry and force information
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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-Ib (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 I
Test Test Test Evaluation
Article Designation | Vehicle Speed Angle Criteria*
mph km/h | (deg)
Longitudinal 3-10 1100C 62 100 25 AD,FH,I
Barrier 3-11 2270P 62 100 25 AD,F,H,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:
(2) 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 Kkips (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
N 30 ft/s 40 ft/s
Longitudinal and Lateral (9.1 m/s) (12.2 mfs)

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

Occupant Ridedown Acceleration Limits

Component Preferred Maximum

Longitudinal and Lateral 15.0 g’s 20.49 g’s
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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 ¥:-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 Ib (1,089 kg), 2,429 Ib (1,102 kg), and 2,599
Ib (1,179 kqg), 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
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Figure 10. Test Vehicle, Test No. MGSMRH-1
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Date: 6/29/2010 Test Number: MGSMRH-1 Model:  1100C Rio Sedan
Make: Kia Vehicle I.D.#: KNADC125036275583
Tire Size: 175/65 R14 Year: 2003 Odometer: 63193
Tire Inflation Pressure: 30psi

*(All Measurements Refer to Impacting Side)
. C_J /\_\\\ V4
o fn| H— |-

Vehicle Geometry - in. (mm)

a 641/4 (1632 b 55  (1397)

n | c 1661/4 (4223) a 38 (965)

vehicle

95 (2413) f 331/4 (845

NT————~
=X
o

1] 18 457) h 36 (915)
. B i 8 (203) j 2112 (546)
K 11 279) 1 221/4 (565)
m 56 (1422) n  563/4 (1441)
o 26172 (673) p 314 (83
q 23 (584) r 15172 (394)
B 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) Ianual
W-total 2401 (1089) 2429 (1102) 2599 (1179) RWD 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

27



November 30, 2015
MwRSF Report No. TRP-03-255-12 Revision-1

2,583 Ib (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 11 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
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Date: 9/9/2010
Make: Kia
Tire Size: P175/65 R14

Tire Inflation Pressure:
*(All Measurements Refer to Impacting Side)
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Test Number: MGSMRH-2 Model: 1100C RIO
Vehicle 1.D #: KNADC125046337310
Year: 2004 Odometer: 93345
30 psi.

Vehicle Geometry -- in. (mm)

a 643/4 (1645) b 551/2 (1410)

\\

T Cl:_ n o[t c 166 3/4 (4235) d 38 (965)
vehicle

l e 95 (2413) f 333/4 (857)

J g 17 (432) h 36 (916)

i 9 (229) j 213/8 (543)

k 11 (279) 1 223/8 (568)

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

0 27318  (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)

Wheel Well Clearance (F) 243/8  (619)

Mass Distribution

Wheel Well Clearance (R) 214 1/2 (5448)

Gross Static LF 775 RF 807 Frame Height (F) 6 7/8 (175)
LR 482 RR 518 Frame Height (R) 161/2  (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 lbs.
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 & D E
M
J
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 22112 (572) H 9 (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) |17 (432)
B 213/4 (552) F 361/4 (921) J 2812 (724)
C 451/4 (1149) G 36 (914) K 281/4 (718)
D 151/4 (387) H 9 (2438) L 46 (1168)
M 533/4 (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.
33



November 30, 2015
MwRSF Report No. TRP-03-255-12 Revision-1

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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Figure 17. Camera Locations, Speeds, and Lens Settings, Test No. MGSMRH-2
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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 W6x8.5 72in [W152x12.6 1829] long Steel Post ASTM A36 Steel PWEOB
a2 25 6"x12"x14 1/4" [152x305x362] Blockout SYP Grade No.1 or better PDB10a—b
a3 12 12'=6" [3810] W—Beam MGS Section 12 gauge [2.7] AASHTO M180 RWMO4a
a4 2 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
a6 25 16D Double Head Nail - -
b1 4 72" [1829] Foundation Tube ASTM A500 Grade B PTEOB
. : YP Grade No. 1 or better (No knots, 187
b2 4 BCT Timber Post —MGS Height 5457] above or below ground tension face PDFO1
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b4 2 BCT Cable Anchor Assembly ®3/4" [19] 6x19 "gﬁge”’s Galvanized Wire FCAO1-02
b5 2 Anchor Bracket Assembly ASTM A36 Steel FPAO1
b6 2 8"x8"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 FMMO2
b8 142 5/8"Dia. 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 Guardrail 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 FBX16a
b12 4 5/8"Dia. x 9 1/2" [M16 x 241] long Hex Head Bolt and Nut ASTM A307 FBX16a
b13 44 5/8"Dia. [16] Flat Washer ASTM F436 Grade 1 FWC14a
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 FWC22a
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Figure 27. Bill of Materials, Test No. MGSMRH-1
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Figure 28. Test Installation Photographs, Test No. MGSMRH-1
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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 1.32in.
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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 — 1 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.

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.

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

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.

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.

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
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preventing 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 v_vheel 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

0.518 18, 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 %-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 % 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 1%z 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 Y/1e-in. (2-mm) soil gap was present on the front face of post nos. 12 and 18. A 1%-

in. (32-mm) soil gap was present on the front face of post no. 13. Soil gaps measuring 2% in. (64
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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 Y/1s-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 18Y% 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 ¥ (19) <9 (229)
Floor Pan & Transmission Tunnel Y (13) <12 (305)
Side Front Panel (in Front of A-Pillar) Y (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 %z 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

calculated THIV, PHD, and ASI values are also shown in Table 8. The results of the occupant risk
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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

. o 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 -17.65 (-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 :
fi/s (mis) NA 22.94 (6.99) not required
Pgi_,lsD 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 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-
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in. (864-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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Figure 30. Additional Sequential Photographs, Test No. MGSMRH-1
60



November 30, 2015
MwRSF Report No. TRP-03-255-12 Revision-1

_0.000 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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Figure 33. Additional Sequential Photographs, Test No. MGSMRH-1
63



November 30, 2015
MwRSF Report No. TRP-03-255-12 Revision-1

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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36. System Damage, Test No. MGSMRH-1

Figure
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Figure 37. System Damage, Test No. MGSMRH-1
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Figure 38. System Damage, Test No

68



November 30, 2015

MwRSF Report No. TRP-03-255-12 Revision-1

X

L]

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 41. Splice Damage, Test No. MGSMRH-1
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Figure 42. Splice Damage, Test No. MGSMRH-1
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Figure 46. Vehicle Damage, Test No. MGSMRH-l
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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 51. 36-in. (914-mm) Tall MGS Details, Test No. MGSMRH-2
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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 0.01in.

Previous 7-Day Precipitation 0.01in.
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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
—9in. (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)
The right headlight contacted the bottom corrugation of the rail downstream of
0.000 : . )
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.

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

0.030

0.078 the blockout on post no. 15.

0.088 'I_'he 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.

0.262 The vehicle was parallel to the system with a velocity of 41.1 mph (66.1 km/h).
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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
0.562 of 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 ¥%-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-mm) soil
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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%-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 27.7 in.
(704 mm) at post no. 15 and 18.7 in. (475 mm) at post no. 15, respectively, as determined from
high-speed digital video analysis. The working width of the system was 45.0 in. (1,143 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 Y2 (13) <9 (229)
Floor Pan & Transmission Tunnel % (19) <12 (305)
Side Front Panel (in Front of A-Pillar) Ya (6) <12 (305)
Side Door (Above Seat) Ya (6) <9 (229)
Side Door (Below Seat) % (13) <12 (305)
Roof NA <4 (102)
Windshield NA <3 (76)

front door was ajar, and there was a 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. It 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

. o Transducer MASH
Evaluation Criteria .
EDR-3 EDR-4 DTS Limits
oIV Longitudinal | -17.46 (-5.32) | -16.26 (-4.96) | -17.44 (-5.32) | <40 (12.2)
fUs(mis) || ateral | -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
g’s 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
Pg|_,|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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TESTAGENCY ..ot
Test Number....
Date
MASH TeSt DESIGNALION........c.eiiiieeecieieiririeieieiee e 3-10
Test Article.......ccccevvennnne ..36-in. (914-mm) Tall MGS

Total LENGEN ..ot 175 ft (53.3 m)
Key Component — Steel MGS Rail

TRICKNESS ..ottt 12 gauge (2.66 mm)

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

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

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

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

Dimensions........ccccoevvveeerieeiennnns 6 x 12 x 72 in. (152 x 305 x 1,829 mm)
Soil Type ....ccocevee. ..Grade B, AASHTO M147-65 (1990)
Vehicle Make /MOdEl...........cocooiiciiiiicc s 2004 Kia Rio

Curb ..o .2,449 1b (1,111 kg)

TeSt INertial .......ccoovvveeeiirereeee e 2,412 1b (1,094 kg)

GrOSS STALIC ..o 2,583 1b (1,172 kg)
Impact Conditions

SPEEU .o 64.1 mph (103.2 km/h)

ANGIE o 25.6 deg

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

SPEEA .ot 36.2 mph (58.3 km/h)

ANGIE s 21.9 deg
EXit BOX CIIEIION ....couviiiieeceece e Fail
Vehicle STability .....ccceviriieccer s Satisfactory
Vehicle Stopping Distance............cccccceeuae 129 ft — 9 in. (39.5 m) downstream

61 ft — 1 in. (18.6 m) laterally away

0.376 sec = 0.562 sec
[;:\.5] [19:0]
" [18.6 m]
[es;o]

Vehicle Damage ......ccoveviririnieeeneessisee s O S Moderate
VDSBS TR e 01-RFQ-5
CDCB e .01-RYAN-5
Maximum Interior Deformation............ccccoeevvninicicennnnns ¥ain. (19 mm)

TeSt AIICIE DAMAGE ......c.eiireeeeiiiiireisiet ettt Moderate

Maximum Test Article Deflections
Permanent Set...........cocovviiiciini s 16% in. (425 mm)
Dynamic..... ... 27.7 in. (704 mm)
WOrking Width.........ccceeviricesseeceis 45.0in. (1,143 mm)

Maximum Angular Displacements

Impact Severity (I1S)......ccoevrnreienenennne 61.9 kip-ft (83.9 kJ) > 51.4 kip-ft (69.7 kJ)

Transducer Data

. - Transducer MASH
Evaluation Criteria EDR3 EDRA DTS Limit
— -17.46 -16.26 -17.44 <40
o Longitudinal | 5 55 (-4.96) (-5.32) (12.2)
(mls) 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 -9.27 -7.85 -8.64 <20.49
23.30 23.14 not
THIV —fts (m/s) NA (7.10) (7.05) required
> not
PHD —g’s NA 10.35 11.19 required
AS 0.87 0.80 0.90 not
required

Figure 54. Summary of Test Results and Sequential Photographs, Test No. MGSMRH-2
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Figure 55. Additional Sequential Photographs, Test No. MGSMRH-2
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Figure 56. Additional Sequential Photographs, Test No. MGSMRH-2
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Figure 57. Additional Sequential Photographs, Test No. MGSMRH-2

95



November 30, 2015
MwRSF Report No. TRP-03-255-12 Revision-1

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-2
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Figure 62. System Damage, Test No. MGSMRH-2
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Test No. MGSMRH-2

Figue 64. Post-To-RaiI Bolt Hole Damage,
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Figure 65. Post Damage, Test o. 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
108



November 30, 2015
MwRSF Report No. TRP-03-255-12 Revision-1

Figure 71. Undercarriage Damage, 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
2,599-1b (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 18Y%4 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 27.7 in. (704 mm), respectively. The working width of the
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system was found to be 45.0 in. (1,143 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. (813-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
Factors

Evaluation Criteria

Test No.
MSGMRH-1

Test No.
MGSMRH-2

Structural
Adequacy

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 (O1V) (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 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

Component Preferred Maximum

Longitudinal and Lateral 15.0g’s 20.49 g’s

S — Satisfactory U — Unsatisfactory ~ NA - Not Applicable
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Figure 72. Vehicle-to-Rail Interaction
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34 in. (864 mm) taII rall

36-in. (914-mm) tall rail

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

during Redirection

Test No.
Parameter Units
2214MG-3 MGSMRH-1 MGSMRH-2
Barrier Height (rllnr.n) 32 (813) 34 (864) 36 (914)
Maximum Floorpan in. N 1 L
Deflection near Wheel Well | (mm) /4 (6) /4 (6) 7 (6)
Maximum Lateral Rail in.
Dynamic Deflections (mm) 35.9 (913) 29.0 (737) 23.5 (597)
Longitudinal OIV (:://z) -14.83 (-4.52) -15.56 (-4.74) -17.46 (-5.32)
Longitudinal ORA g’s -16.14 -8.45 -9.16
. mph
Exit Speed (km/h) 30.1 (48.4) 39.3(63.2) 36.2 (58.3)
Exit Angle deg. 14.1 12.3 21.9
o . 1.6 11.1 away from | 16.5 away from
Exit Orientation Angle deg. toward barrier barrier barrier
Maximum Roll Angle
during Redirection deg. 128 -106 108
Maximum Pitch Angle deg 19 19 16

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 OlIV 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 1% 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.

32-in.
(813-mm)
MGS
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36-in.
(914-mm)
MGS

Figure 74. System Damage Comparison

Static Soil Strength Comparison
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Figure 75. Static Soil Strength Comparison

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-
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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 11 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. QTy.

al
a2
a3
ad
as
ab
bl

PO EE

b2

~

b3
b4
b5
b6
b7
b8 112
bg

b10
b1l
b12
b13
b14
b15

N NN

© s ReBB s

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

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 A53 Grade B Schedule 40

5/8"Dia
5/8"Dia
5/8"Dia
5/8"Dia
5/8"Dia
5/8"Dia
3/4"Dia
3/4"Dia

. X 11/2" [M16 x 38] long Guardrail Bolt and Nut

. X 10" [M16 x 254] long Guardrail Bolt and Nut

. X 14" [M16 x 356] long Guardrail Bolt and Nut
.X11/2" [M16 x 38] long Hex Head Bolt and Nut
. X 10" [M16 x 254] long Hex Head Bolt and Nut

. [15.9] Flat Washer

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

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

PTEOG

PDFO1

FCA01-02
FPAOL
FPBO1

FMMO02
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.

al
a2
a3
ad
as
ab
bl

b2

b3
b4
b5
b6
b7
b8
bs
b10
b1l
b12
b13
b14
b15
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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] 0.D.x 6" [152] long BCT Post Sleeve

5/8"Dia. X 1 1/2" [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 1 1/2" [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 7 1/2" [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 A53 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

PTEOG

PDFO1

FCA01-02
FPAOL
FPBO1

FMMO02
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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' Certified ..nalysis 'g@f-“"’@ :

s
=
© Trinjty Highway Products , LLC ‘ '
H
W 2548 N.E.28th St Ordor Number: 1104828
@ s
o P Worth, TX Customer PO: 2095 Asof:202/09
Customer: MIDWEST MACH.& SUPPLY CO. BOL Number: 26405
£, 0. BOX 81097 Document #: 1
Shipped To: NE
LINCOLN, NE 68501-1697 Use State: KS
i Project:  RESALE
g Qy Past# Description Spee CL TV HontCode! Reat# Vickd b Eg Mn P S S Cs Ch O VaACW
z TTSW__Si5G GUPOSTOBDDR AT TR0 BEW B BED xmmmrmmmﬂ—*
% 100 901G IMFLARES MOLE M-180 & 583168 71,200 72,900 230 0061 0758 0.016 0.0i5 0.012 6071 0.0 0.051 0000 4
| Tox!
i [}
=] 5] }"{[
rC“a
L e P
g Ty
% 00
@
W
o™
m
3
Z Upon delivery, ell materiels subject to Trinity Highway Products , LLC Storage Stain Policy No. LG-002.
S ALL STEEL USED WASMELTED AND MANUFACTURED TN USA ANDCOMPLIES WITH THE BUY AMERICA ACT.
ALL GUARDRAIL MEETS AASHTO M-180, ALL STRUCTURAL STREL MEETS ASTM A36
o ALLGALVANIZED MATERIAL CONFORMS WITH ASTM-123, UNLESS OTHERWISE STATED.
§ BOLTS COMPLY WITH ASTM A-307 SPECTRICATIONS 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 AISI C-1035 STEEL ANNEALED STUD 1" DIA ASTM449 AASHTO M30, TYPE I BREAKING
| ¥  STRENGTH-#9100LB
| & ststeof Texas, Coumty of 1 afageage this 2nd day of February, 2009 Trinity Hiﬂ:ww%&&%!’%a .,OJY\O()Q«A
Notary Public: (P Sy Certified By:
Commission Expires: § & TEXAS R Quality Assurance

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

HT S code

GREGORY HIGHWAY PRODUCTS, INC.

4100 13th St. P.O. Box 80508
Canton, Ohio 44708
Test Report ’
MIDYEST MACHINERY & SUPPLY CO. BOL#¥ 34259 DATE SHIPPED: (06/20/08
2200 Y STREET 5 Customer P.O. 2042
Shippedto:  MIDWEST MACHINERY & SUPPLY CO.
LINCCLN, NE. 68501 Project: ~ STOCK R TN
GHP Ordar No 2456AB /—/
c. Mn. P. S §l. Tenslle Yigld Elong. CQuantity Class Type / Description
0.14 074 0014 0027 02 78300 60600 25 750 A / GIN'WF AT 8.5 X 6FT 0IN GRPOST
0.12 [11:] 0014 0029 026 76400 58300 2886 A SINWF AT 85 X 6FT 0IN GR POST
.13 ik 4 00td 003 023 78700 - 60000 248 A BIN WF AT 8.5 X 6FT OINGR POST
213 074 0014 0027 0.2 78600 * §9600 29 A 5IN WF AT 85X 6FT 0INGR POST
D.14 081 0026 0.0 0.23 71000 490¢0 247 A / 6IN WF AT 8.5 X GFT OINGR POST
0.14 a7 0026 0027 0.7 690C0 48000 244 A i 8IN'WF AT 8.5 X 6FT OINGR FOST
0.09 083 0011 0028 02 78790 4860 24 A 8IN'WF AT 8.5 X BFT OIN GR POST
0.09 079 001 003t 018 79480 66600 2 A {’ SINWF AT 8.5 X 6FT OINGR POST
008 083 0011 0@ 02 78790 54860 24 A 1 GIN'WF AT 8.5 X 6FT DIN GR POST
0.12 086 0012 002 0.22 66000 45000 235 A 6INWF AT 85 X 6FT 0IN GR POST
0.12 pes 0012 0028 023 83000 44000 204 A BIN WF AT 85 X 6FT 0IN GR POST
0.18 081 001 0025 Q19 68000 45000 272 A 6IN WF AT B.5 X 6FT OIN GR POST
X
“

mmmmm:mﬂnmummuchmm»m ASTM A-153, avess othenvise siated.
Nuts compdy with ASTM A-G63 specifications and are gaivanized in accordance with ASTM A-153, unfess otherwise stated.
Al other gatzanized material conforms with ASTM-123 & ASTM-525
All sies] used in the manufacur Is of Dornastic Origin, "Made and Welted in the United States”
All Guardrall and Terminal Seclions meets AASHTO M-180, Afl structural steel meels AASHTO A-183 8 M270
All Solts and Nuts are of Domestic Origin
All matgrial fabricated ance with Nebpka Department of Franeportation
STATE OF OHIO: COUNTY OF STARK
Swom 1o and subscribed befors me, a Notary Public, by
By: of 2008,
Andrew
Vice President of Sales and Markeling
Gregory Highway Products, Inc.

Nolary A 08162012

Figure A-2. W6x8.5 (W152x12.6) Steel Post Material Specifications, Test Nos. MGSMRH-1 and MGSMRH-Z
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Coy * Certifie¢ \nalysis - .

Trinity Highway Products, LLC . ) _«‘ '
425'E. O'Connor Order Number: 1114174 _
Linm, OH ‘ Customer PO: 2213  aeE s
Customer: MIDWEST MACH.& SUPELY CO. BOL Number: SLI69 ~
P, 0. BOX 81097 Doctment#: 1
: ! Shipped To: NE
LINCOLN, NE 68501-1097  UseState: NE

Project: RESALEB

Qty TPart# Description Spec CL TY Heat Code/ Heat # Yield I8 Elg C Mn P 8 S8 Cu Cb Cr VnACW

7 e OB DD A5 T 036 333 751 0090 0930 0010 0.030 0.300 0290 00 0.130 0O03 4

50 14662G 66 POSTASHDB:DDR NB  A-3§ : 186439 50,565 68,830 261 0050 0.950 0.010 6.040 0200 0290 0.00 0.160 0L03 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 GUARDRAN, MEETS AASHTO M-180, ALL STRUCTURAL STEEL MEETS ASTM A36

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

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

3/4" DIA CABLE GXEZ[NC COATED SWAGED END AISI 0-1035 STEEL ANNEALED STUD 1" DIA  ASTM 442 AASHTO M30, TYPE Il BREAKING
STRENGTH-4%100LB

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

a1:98 6082/v8/11

AAINIHOWW LSIMATIW 882E-194-20p

ATTA A0wd

T-UOISIN®Y ZT-G5Z-€0-dY.L "ON Hoday 4SHMIA
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LUMBER COMPANY, INC.
vt CERTIRICATS OF COMPEIANCE v

o N)v’

Mnmlzm

MWMMAW&SIMY
PO Box 81097
“LaNcoLn, NE 68501 -

~Tmmmwmswmmnmmmuu/monmmumcnmmlmémmm
BEFORE AND AFTER TREATMENT AND IS IN FULL COMPLIANCE WITH APPLICABLE MEBRASKA 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/CULFT. THE
mmmmmmmmmwMWBMMWAmmmmmm .
w:upma. wo _ -

s, - 1/29/08
Blockout 09-95 3/5/00 0.62
6x8x18" Blockout ¢ i'.. . 0085 .« . BME/09 . 062

) -y il By
' . s TR §
mmmmmmmmc&mmgnmm &QH‘?

mmmmmmmmmmmmmm

el S S "
AMINIHOVW LS3MAIW 882€-192-20p 65:68 600Z/20/11

Figure A-4. Wood Blockout Material Specifications, Test Nos. MGSMRH-1 and MGSMRH-2
130
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GREGORY HIGHWAY PRODUCTS, INC.
4100 13th St. P.O. Box 80508

MAY 14 200c

Canton, Ohio 44708
Test Report
Customer: * UNIVERSITY OF NEBRASKA-LINCOLN BOL. # 39963 DATE SHIPPED: 05{07/09
401 CANFIELD ADMIN BLDG Customer P.O. 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
HT # code C. Mn. P. S. Si. Tensile Yield Elong. Quantity  Class Type Description
4614 0.21 0.84 0.011  0.003 0.03 89432 67993 19.8 160 A 2 12GA 12FT6IN/3FT1 1/2IN WB T2
e e vy
Bolts comply with ASTM A-307 ifications and are galvanized in with ASTM A-153, unless otherwise stated.
Nuts comply with ASTM A-563 i and are g i in with ASTM A-153, unless otherwise stated.

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

Al 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 fabri in rdance with Nebra;
All controlled oxidized! on resistant G

D of T
terminal sections meet ASTM A606, Type 4. STATE OF OHIO: COUNTY OF STARK

3 Sworn to and subscribed before me, a Notary Public, by

Andpew Artar this 8th day of May, 2009.

By:.
% Andrew Artar

Vice President of Sales & Marketing

Gregory Highway Products, Inc.

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

E‘ aa . -

Figure

A-5. 12-ft 6-in. (3.8-m) Long W-Beam Section Material Specifications, Test Nos. MGSMRH-1 and MGSMRH-2
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. % way Prndyn
Trinity Highw roducts , LLC %
253 N.E. 28th St.

Ft Worth, TX | h | 4

Customer: MIDWEST MACH.& SUPPLY CO. Sales Order: 1112249 Print Date: 8/4/09
P. 0. BOX 81097 Customer PO: 2188 Project: RESALE
BOL # 28104 Shipped To: NE
Document # 1 Use State: KS

| LINCOLN, NE 68501-1097

| Trinity Highway Products. LLC

Certificate Of Compliance For Trinity Industries, Inc.
NCHRP Report 350 Compliant

Pieces Description
X 40 12/6'3/S

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

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

’ BOLTS COMPLY WITH ASTM A-307 SPECIFICATIONS AND ARE GALVANIZED IN ACCORDANCE WITH ASTM A-153, UNLESS OTHERWISE STATED.
NUTS COMPLY WITH ASTM A-563 SPECIFICATIONS AND ARE GALVANIZED IN ACCORDANCE WITH ASTM A-153, UNLESS OTHERWISE STATED.
3/4" DIA CABLE 6X19 ZINC COATED SWAGED END AISI C-1035 STEEL ANNEALED STUD 1" DIA ASTM 449 AASHTO M30, TYPE II BREAKING
STRENGTH —-49100 LB

State of Texas, County of T U d SAGsEIbRd MERH Ane thid 4th day of Al 2009 -
of Texas, County o ey o ’gg‘ary it e Tesas ay of August, Trinity Highway Proghcts, L]EC
My Commission Expires Certified By: @h
r ™~
‘ Notary Public: Jly 13 303 Quality Assurarigé v
Commission Expires: / / 1 of 1

Figure A-6. 75-in. (1,905-mm) Long W-Beam Section Material Specifications, Test Nos. MGSMRH-1 and MGSMRH-2 B
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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 8.625-322HRB 252

LEAVH( JBE COMPANY, LLC

TUBING MANUFACTURED IN USA
i

Qry. CUSTOMER
SHIPPED P.Q.

147 4500088611

2 6 12X2-188HRB 480 240 4500088813

3-4 28 8.625-322HRB 504 1,176 4500091471
5 9 8X6-188HRB 480 360 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 (PSl) 47,297

TENSILE STRENGTH (PSl) 62,162

ELONGATION IN 2" (%) 29.0

ltem(s)- 12345 Are

Made and Meited
In The U.S.A.

ORDER

NUMBER
1015580 1.000
1016034 1.000
1025579 1.000
1029189 1.000

{

3
395813
722564

210
1820
.004
1006
047
020

FLATTEN

[
§

CUSTOMER
PART NBR

4
395460
722564

210
.820
.004

.006
.047

.020
FLATTEN
52,000

70,666
31.0

Leavitt Tube Co., 1iC
1717 W. 115th st.
Chicago, IL 60643

The Tube People Phone: 773-239-7700
Phone: 1-800-LEAVITT
Fax: 773-239-1023
www. leavitt-tube.com
QA1002-0003 Rev. 0
ASTM
SPECIFICATION GRADE
A500-03b B
A500-03b B
A500-03b B
A500-03b B
5
391232
A13386
.220
.700
.006
.003
.024
030
FLARE
55,056
70,787
270

| HEREBY CERTIFY T)

A ABOVE IS CORRECT
AS CONTAINED ORDS OF THE COMPANY
AN

|

i

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

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 0.67 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,

et 8

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
134



November 30, 2015
MwRSF Report No. TRP-03-255-12 Revision-1

* *’1 ; EE p @/nr u
TIKBER AND STEEL

FORMERLY MII'IWESTERN
) WHOLESALERS, INC.

“~This s tocertify that the-materials-shipped,-as indicated, conform-to the State-of Nebraska speciftcattons.

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

MWT - MIDWEST WOOD TREATING, INC., NORWALK, OH
MWT-0OK - MIDWEST WOOD TREATING, INC., CHICKASHA, OK

Made & Treated in the USA. Me;:ts AASHTO Spees Mi33 & M168.

.—\,4"'\'" S —

AMERICAN TIMBER /}ND S'f E 7}i / / NO’I ARIZED

By Heather L. Sewatjd /d/ 4/ L }L Jﬁ”lﬁéf/ Sworn to and subscribed before me
Title_Sales Assistant & this _ 13th dayof Apnl 2010.
Date__April 13,2010 ; é e / W/\)

American Timber And Stesl Corp 4832 Plank Rd / PC Box 767  Norwalk, OM 44857  Ph: 4/1%‘ i 0831
“*THE TIMBER SPECIALISTS“

Figure A-9. BCT Anchor Timber Post Material Specifications, Test No. MGSMRH-2
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| Customer: MIDWEST MACH.& SUEPLY CO. Seles Order: 1093497 Print Date: 6/30/08
1 P. 0. BOX 81057 Customer PO: 2030 Project: RESALE
| BOL# 43073 Shipped To: NE
] Document# 1 Use State: KS
; LINCOLN, NE 685011097
l Trinity Highwav Products. LLC
[ Certificae Of Compliance For Trinity Indusiries, Inc. ** SLOTTED RAIL TERMINAL **
] NCHRP Report 350 Compliant
|
J Piaces Description
B4 5/8"X10" GR BOLT A307
92 5/8*X18" GR BOLT A307
12 1" ROUND WASHER Fg44
L 64 1" HEX NUT A563 N
j 192 WD 6% POST 6X8 CRT ; MESDK
1192 . WD BIX 6X8%14 DR )
{64 NAIL 164 SRT
fe4 WD 39 POST 5.5%7.5 BAND
132 STRUT & YOKE ASSY
128 SLOTGUARDYZ  ~ ° Cvsend Siput
2 3/8 X 3 X4 PL WASHER Gkl 2tPw

CqcHS 3~ g

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

492-761-3288

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

T TRENGTH - 4910018 ‘
Qtateof Ghio, County of Allen. Swom and Subscribed before nfe day of June, 2008 B
W Y Trinity Highway-Products, LLC 3

86/84/2

‘ctary Public: o Certified By:
~emtasinn Rynirae RV DL 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 Asof: 9/16/09
Customer: MIDWEST MACH.& SUPPLY CO. BOL Number: 51169
P. 0. BOX 81097 Document #: 1
f Shipped To: NE
LINCOLN, NE 68501-1097 Use State: NE
Project: RESALE
Qty Part# Description Spec CL TY Heat Code/ Heat # Yield TS Elg C Mn P S Si Cu Cb Cr VnACW
,(— 750 545G 6'0 POST/DB:DDR A-36 786489 50,565 68,830 26.1 0.090 0.950 0.010 0.040 0.200 0.290 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 0.010 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

l ALL GALVANIZED MATERIAL CONFORMS WITH ASTM-123, UNLESS OTHERWISE STATED.
BOLTS COMPLY WITH ASTM A-307 SPECIFICATIONS AND ARE GALVANIZED IN ACCORDANCE WITH ASTM A-153, UNLESS OTHERWISE STATED.
NUTS COMPLY WITH ASTM A-563 SPECIFICATIONS AND ARE GALVANIZED IN ACCORDANCE WITH ASTM A-153, UNLESS OTHERWISE STATED.

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

STRENGTH -49100 LB

State of Ohio, County of .
Notary Public: =

Commission Expires//

|

Trinity Highwey
Certified By: _\

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 08:12am  From=Portaous Denver 1 303 576 0533 T-510 P.002/003 F-443

Certification provided by:PFC, To;NEBRASKA BOLT Order.124841

— .—'—-—.—-— EEE Ty - cem = mia=

e —. i Y40

FASTENER DIVISION , Tatephon 260/337-1600
NO/NARE .
MUCOR ORDER ¥ 600934
CUST PART @ $0219-4000-004
CUSTOMER P.0, w 17078232 PO Y
SHIRRT STANTZ, LAD TECHNICTAN 23N
IFIED MATERIAL TEST REPDRTIMN MM NRAN XM N 4 " ) X
DRSCRIPTT )
222645A 1-8  CR DH HV W.D.€ \\\:4'//
© PAWOFACTURE DATE 1/R9/07 NUT H.D.G. -7
~~CHENISTRY MATERIAL GRADE -1045L
WATERIAL  HEAT ¢ nucnenxsrm COMPOSITION (WTZ NEAT ANALYSIS) BY MATERIAL SUPPLTER
NUNBER NUNBER MUCOR, STEEL - NEBRASKA
‘RHE236SE MU a3A82s w  Tus tim A2LA MO: 780,01  EXP: 2008-11-39

MIN 20 60 FOR CHEMICAL TESTING

NU X’}’ffl«? MAX .55 L840 050

~~MECHANXCAL PROPERTIES IN ACCORDANCE WITH ASYM AS63-0GA
SURFACE CORE TROOF LOAD TENSILE STRENSTH

HARDNESS ~ HARDNESS 90900, LBS DEG-WEDSE
(REeN) (RC) ss) STRESS (PSI)
N/A 28.1 PASS NZA N/A i
N/A z0.8 FASS N7A N/A
N/A .0 PASS N7A WA
N/A 8.5 PASS N/A WA
28,0 PASS K7A N/A
Avnm vuu.:!s nm TESTS PRODUCTIGN LOT SIZE 6700a PLS
29.5

ROTATIONAL CAPACITY [TESTED IN Ambﬂ‘f WITH A326, AS563 AND F606 TO 300 DEGREES OF Ronnon
- SAMPLE ¥1 PASSED SAHPLE §2 PASSED

--YISyAL IWIDN IN ACCORDANCE WITH ASTM AS63-04a 30 PCS. SANPLED I.OT PASSED

© ~-COATING ~ Hoi Rip [Galvanizad. R
- 3. 0L00433 2, 0.00504 3. 0,00866 4. 0.003X 5. 0.00354 .
8. o.0a367 9. -00341 10, ©.,00637 . 11.. 0.00426 12, 0.D8495 3.
15. 0.00395 6. |0.90344 17. 0.00469 LB, 0.08342 19, 0.08368 20.
AVERAGE THICXNESS FQOX 20 TESTS  .00A13 s
HEAY TREATMENT - AUSTENIVIZED, OXL Qualinn 1] mnr:m (MIN BRO DEE F)

- -DINENSIONS PER ASHE B18.2.6-2003

7. 0.006)7
18. €.00399

CHARACTERISTIC USAMPLES m‘ra HININUM AT
wiath Across a-m-r- 1.819% 1.8300

Thickness: - 32 T B.96TO 0.9830

TESTS ARE IN WITH THE ; REVISI ¥ THE M PRESCRIBED IN YHE APPLICABLE
ALL 2 Ei" 0NS 0! ETHODS E En Shl

SMES TESTED YO THE SPECXFICATIONS AS DESCRIBED/LISTED ABOVE AMD WERE M mn

THE STE| ANB MNUFACNIED IN THE U.S.A: AND THE nowc'rl:e RMED AN TESTED IN TME U.S.A.
WE CERTIFY THAT THES DATA PRESENTATION OF INFORHATION PROVIDED BY THE RATERIAL SUPPLIER. ANII

CUR TESTING LABOR. Y THIMRTIF- MAT! AL TESY REPORT RELATES OMLY TO THE ITEHS LISTED ON THIS

DOCURENT AMD MAY D EXCEPT IN

NUCOR FASTENER

A DIVISION OF RATION
HECMANICAL PASTENE . . O men.
CERTIF  139-01 RANER
Exrxl‘M’m DATE R2731/07 . . QUALITY ASSURANCE SUPERVISOR e
Page 1 of 1
g-d X"d 13ry3as”y dH ége:b B00Z LT unr

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

MGSMRH-2
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PAGEE

MIDWEST MACHINERY

16:36 482~-761~3288

85/04/ 2083

Certified Analysis

Trinjty Highway Products, LLC
2548 N.E. 28ih St

Order Numnbeg: 1095199

it Warth, TX Customer PO: 2041
Customser: MIDWEST MACH.& SUPPLY CG. BOL Mumber: 24481
P. 0. BOX 81097 Document # 1
Shipped To: NE
LDHCOLN, NE 68561-1057 Use State: E5
Project.  RESALR
ity Bart# Deseriptiva Spee CL TY Heat Codef Hest# oekd ]
pi] T TS [TATLES FLEE 4330 #1360
= 20 1A 2SXI1.I5K16 CAB ANC A36 £153005 44,500 60,300
1 TEAG 60 TUBE SL2.)88X8E 2S00 ABPELG0 00 £7,000
= 20 T8IQ SMEXEHE" BEAR PLIOF A3 G106195 46,700 69,900
g 907G 1BUFFER/ROLLED M-180 A L0049 54,200 73,500

Upaa defivery, all materials subjest to Trinity Highway Products , LLC Stomage Stain Bolicy No, LG-062.

ALL STEEL USE/Y %AS MELTED AND MANUFACTURED IN USA AND OOMPLIRS WITH THE BUY AMBRICA ACT.
ALL GUARDRATL MEETS AASHTO M-180, ALL STRUCTURAL STEEL MEETS ASTM A36

ALL OTHER GALVANIZED MATERIAL CONFORBIS WITH ASTM-123.

ﬁﬂ%
b | 4

Asof: (20708

Eig P 8§ S O T O VYo ACW
TTTEA 'W‘ﬁ‘”m“ﬁﬁ'i T001 G040 .80 G.O0BC DOs0 GOOG £

380 0.240 07i0 0OIF 0083 G020 Q020 0000 0040 QOUZ 4
252 0050 0670 0.O03 0005 Q.00 0220 Q000 (060 G021 4
235 0580 0.830 0.0(0 0005 0020 0.230 DOM LT 24866 4

250 G160 Q700 051 0.008 0020 0.200 QOUG 0.100 0000 4

BOLTS COMPLY WITH ASTM A-307 SPECTFICATIONS AND ARE GALVANIZED IN ACCORDANCE WITH ASTM A-153, UNLESS OTHERWISE STATED.
WUTS COMPLY WITH ASTM 4563 SPECIFICATIONS AND ARE GALVANIZED IN ACCORDANCE WITH ASTHM A-153, UNLESS CTHERWISE STATED.

3/4° DIA CABLE 6X19 ZINC COATED SWAGED END AISIC-1035 STEEL ANNEALED STUD 1" DJA  ASTM 44% AASHTO M30, TYPE I BREAKING

STRENGTH -4%100 LB
Stxie of Texas, County of ’Dam. Swom snd subsciibed before me this 20th day of hune, 2008 )

.r ; Nutaly p{%[lma
Blate of Texas {
bb'(:mm,,mm ;

Trinity Highway Products , LLC
Certified By:

%‘Lﬁjbmc Gm n.Q &

T-UOISINSY ZT-GG2-€0-dY.L 'ON Hoday 4SHMIN

GT0Z ‘0€ 19qWanoN
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g 907G 1BUFFER/ROLLED M-180 A L0049 54,200 73,500
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ALL GUARDRATL MEETS AASHTO M-180, ALL STRUCTURAL STEEL MEETS ASTM A36

ALL OTHER GALVANIZED MATERIAL CONFORBIS WITH ASTM-123.

ﬁﬂ%
b | 4

Asof: (20708

Eig P 8§ S O T O VYo ACW
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BOLTS COMPLY WITH ASTM A-307 SPECTFICATIONS AND ARE GALVANIZED IN ACCORDANCE WITH ASTM A-153, UNLESS OTHERWISE STATED.
WUTS COMPLY WITH ASTM 4563 SPECIFICATIONS AND ARE GALVANIZED IN ACCORDANCE WITH ASTHM A-153, UNLESS CTHERWISE STATED.

3/4° DIA CABLE 6X19 ZINC COATED SWAGED END AISIC-1035 STEEL ANNEALED STUD 1" DJA  ASTM 44% AASHTO M30, TYPE I BREAKING

STRENGTH -4%100 LB
Stxie of Texas, County of ’Dam. Swom snd subsciibed before me this 20th day of hune, 2008 )

.r ; Nutaly p{%[lma
Blate of Texas {
bb'(:mm,,mm ;

Trinity Highway Products , LLC
Certified By:

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

MGSMRH-2
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11/084/2009 ©6:18 402-761-3288 MIDWEST MACHINERY PAGE 84/10

~ ' 2089418

023 6. 2.09

@‘ R bh 1807 masy 28mt sr1. LORAGY, O 44055
& PHONE: 336-438-5654 FAX: 330-338-5695

Ht ab 1y pog) A rre

CERTTFICATE OF TESTS REPUBLIC ENGUINEERED PRODUCTS Miy 6,2009
: PAGE t

OF2
PURCHASR OBD: 130863M o FURCHASR OROER DATE: 871/2008
PARY MUMBER: 2002438 ACCOUNYT UMBER: 5550-3007-01
ORDER NUMBRR: 1408019 ~ 01 5 : $061-8¢ -
HEATS 5072014 REVISION: 1 1
==oem (HARGE ADDRESE - SHIP TO mrervoemcwowmsowmswsats

TRINITY INDOSTRIES INC INDUSTRIBS INC

WIGRWAY SAGETY PRODUCTS ING G/6 BCR METALS

P O BOX 568087 478 FLOOR 5800 STERLING AVE

DALLAS, TX 743%6-8887 MAPLE HRETIGHTS, OH 44137
e A B L e T ~ MATERTAL DESCRIPTION

HOT RULLED STEZL COILS CARBON AISI-10215 AX AL XILLED FINR GRAIN QOLD WORKING GM'HW TEET nsm‘rs op
MBCHARICAL PROPERTIRS FOR TNFO ORLY BXTRA TRETING
9T48: RS .6358 DIAM X COIL

DS 16.R30ANY DRAM ¥ COTL >
—e4eenAmerrmm-——roctcs--wessmsmm-snsemns mg CHRMIBTRY & -—-=--m-umam PP R .-

NN 4 81 o ' NI TR
D 15 0.47 0.006 5 a0 8.08 0.08 2.06 0,05
Mo a AL 5] N
" Qoo .02 D.00S D048 0.000 0.0083
B m AN AR L ———— “m= CALOTULATED TESTS «msmsmma-nmomaceme cemmecanan memmadanasranm

NxEDUCTYON RATTO 113.31 TO 1

Aumcmnusmrmumwammmmmmmnmmwnmm .020% PER
ASTM R28.

N W T g +ne SEMI - PINISHED RESULTS -~avrna-svevanw - B e L L T
e =smcssxnsss PINISHED SIZE RRSULTS -==---=-==-vmmmn=a eamammem e
TENSTLS TRYT STANDARD FORMAT :
TRNSILE YIELD(0.2Y) RA E
2 4 BEX ® ¥
BCK 2728 53100 44200 65.4 39.0
BARDNESS TEST ASTM E10/ASTM A370 HiW  AS-RLD/CD ksW
MID-RADIUG
POR 2729 216 T

Amseeasscnemmm—mmacmeasecsRenLeaARnsRAusnausses NONEY ~-n-aaw
CHEMICAL ANALYSIS CONFORMS TO AFPLICABLE SPECS: ASTM B415, LBL10123, LALIOAIQ, ASTH 51019;
LBL10130, LBL1OX14, ANOD ASTM X3065, L8Llolad, LBL1012D.

REPOBLIC RNGINREREN FRODUCTS HEREBY CERTIFY THAT THE MATRRIAL DISTED HERETN HAS BERN INSPBOTED AND
TESTED IN ACCORDANCE WITH THR MBTHODS PRESCRIBED IN THE GOVERNING SPRCZIFYCATIONS AND BASED UPON THE
RESULTS OF SUCH INSPECTION AND TESTING MAS BEEN 7 FOR TO THE GPECTPICATIONS.

CERTIFICATE OF TRSTS SHALL NOT BE REPRODUCED EXCEPT IN FULL,
ALL TESTING HAS BEFN PERFORMAD USING THE CURRENT REVISION OF THE TRETING SPEQIFICATIONS.

' RECORDING OF FALSE, FXCTITIOUS OR PRAUDULENT STATEMINTS OR RNTEIES ON THIS DOCUMENT MAY BE PUNISHRD
AS A PELONY DNDER FBU STATUBS TITLE 18 CHAPTER 47,

THE MATERIAL WAS NOT BXPOSED TO MERCURY OR ANY METAL ALLOY THAT 18 LIOUID AT AMBIENT TRMPERATURE
DURDHG PROCRSSTNG OR WHILE IN OUR POSSESSION,

MO WELD OR WELD REPAIR WAS PRRPORMED ON TRIS MATERIAL.
R. A, SZELIGA . BY HILDA BESUR

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

MGSMRH-2
142



November 30, 2015
MwRSF Report No. TRP-03-255-12 Revision-1

11/94/2099 ©6:18 492-761-3288 MIDWEST MACHINERY PAGE 82/1v
S TRINITY HIGHWAY PRODUCTS, LCC.: &
Plant #55 . ‘QW
425 E. 0' CONNOR AVENUE
Lima, OH 45801 ;
419-227-1296
MATERIAL CERTIFICATION
CUSTOMER: STOCK DATE: JULY29, 2009
i
INVOICE #
s 10T NUMBER: 0907038
PART NUMBER: 3360G QUANTITY: 110,765
'DESCRIPTION: 58”51 %” GR BOLT DATE SEIPPED:
SPECIFICATIONS: ASTM A307-A /A153 HEATH: 5072014

MATERIAL CHEMISTRY

c|lmv| p | s |{st|m [cR {MOjcu [sN | v | aL | N | B | T | NB

A5 | A7 006 [.003 |00 |6 (.05 (.02 |05 |.005 | 000 |.046 | .0063 | .000 |.000 |.000

PLATING AND/OR PROTECTIVE COATING

BOT DIF GALVANIZED (O%. PER SQ. FT.) _L 125 Avg. ‘*‘l

#44+THIS FRODUCT WAS MANUFACTURED IN THE UNITED STATES OF AMERICA™**

THE MATERVAL USED IN THIS -PRODUCT WAS MELTED AND MANUFACTURED IN THE
u.8.A

WE HEREBY CERTIFY THAT TO THE BEST OF OUR KNO'
CONTAINED HEREIN 1S CORRE

STATE OF OHIO, COUNTY OF ALLEN

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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MID

WEST

FABRICATING CO.

4@80-751-3288

November 30, 2015

MwRSF Report No. TRP-03-255-12 Revision-1

MIDWEST MACHINERY

CERTIFICATE OF COMPLIANCE
WE GERTIFY THAT ALL BOLTE ARE MADE AND MANUFACTURED IN THE UBA,

TO: TRINITY INDUSTRIES INC,

ary
3,524
1,076
8,900

Y1 4500
2,550

4,800
&.000
1.538
130
2,864
4,376
400

Plant #55

425 E, OConnor

Lima,Ohio

48801

SHIP DATE:. 11/6/2008
MANUFACTURER: MID WEST FABRICATING CO.
ABTM: AB0TA

- GALVANIZERS: Columbus/Plolt

PART NG,
5/8. X 105
5/8 X 10-8¢
518 X 10-68"

58 X 10-8°

5/5 X {0W8" .

5/8 X 14-5%
5i8 X 18-6°
5/8 X 18-8"
518 X i8-8
5/8 X 18-8"
58 X 18-6"
58 X 3.5°

HEAT NO,
7261134
7261134
7261134

7281811
7261286

7360618
7366618
7366618
7368618
7368618
7261811
5678891

419-222-7398

TOA-153 GLASE C

LOT NG,
85204
85204
83%04

85217
85180

85198
85157
85167
85156
85148
85145
88018

Signature GGkt . Soan-eitihy

TITLE: QUALITY CONTROL

DATE:

14/8/2008

437 miore Ishing Seeect > Amanea, Ohio 43107 » 74GI96% 4410 » FAK: 740967-4413

POND,

128266BRE0
1262686BRTS
126266BR74

128266BR74
126266BRE4

128256BREE
1262668Ra4
126266BR74
126266BR74
126266BR74

126286BR74 -
126268BRE2

uuuuu

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

and MGSMRH-2

144



November 30, 2015
MwRSF Report No. TRP-03-255-12 Revision-1

965, Ba; 2683 18:35 482~-761-3288 MIDWEST MACHINERY PAGE 15/52

6 04/14/72008 10:14 FAX 740 881 4433 MID VESY PAR: ROCEMILL iBose
4 .,g@ff
A

a

MID WEST

FABRICATING CO.

-
S
e 24

CERTIFICATE OF COMPLIANTE
WE GERTIFY THAT ALL BOLTS ARE MADE AND MANUFACTURED IN THE USA.

TO: TRINTY INDUSTRIES ING.,
Plamt #65
580 East Robb Ave, 449-222-7393
iime, Ohio 45801
SHIP DATE: 471372008 .

MANUFACTURER: MID WEST FABRICATING CO,
ASTW: AZ0TA
GALVANIZERS: BristolfPiotColumbus  TOA-IS3 CLASE C

PART NO, HEAT NQ. LOTHD. P.ONO
5,250  HBX 108" 20060870 85088 130236BR25
2,625 818 X 10-8° 20060370 28662 1302362R25
28,500  5/8 X14-8" 7386618 B3199 126266BR 114

Signature £ 5 AY @Wﬁ?‘)

i TITLE: QUALITY CONTROL
! DATE: 4{18/2000

372 Nawh Johos Srreet 7 Amanda, Ohto 42107 e 748/985-6411 » PAK: 760/949-4433

Figure A-19. 14-in. (356-mm) Guardrail Bolt Material Specifications, Test Nos. MGSMRH-1

and MGSMRH-2
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11/04/2009 B6:18 482-761-3288 MIDWEST MACHINERY o PAGE B3/18

N’ )
Paed nom

B Re bi 2049 LIKESHORE-GATE 6 BUFPHLN, WY 14219
FPHORE: -330-438-3694 FAY: 330-438-5695

DO . BT
CERTIFICATE OF TESTS RBPU'BL!C ENGINEERED PRODUCTS June 3, 2009
PAGE1

OF2
PURCHASE ORD: 130869M PORCHASR QRDER. DATS: 4/15/2009
PART NUMBER: 100944B ACCOUNT NUMBER: 5550-3007-02 L
ORDBR NUMBER: 14059650 - 01 SCHEDULE: s 5877-68 i
HEAT: . 5072080 REVISION: 1
==z==n CHARGP ADDRESS - SHIP TO

TRINITY INDUSTRIES INC TRINTTY IMDUSTRIES INC

HIGHWAY SAGETY PRODOCTS INC €/G BC3 METALS PREP

P O BOX §6R887 ATH FLOOR 5800 STERLING AVE

PALLAS, TX 75356-0887 MAPLR MEIGHTS, OM 44137
........ sramMmesmo e mnmmmeeesacaeas MATRRIAL DESCRIPTAON =--m-seswm oo mmmimanm s mm oo dimmsnm i

ROT ROLLED STBBL COXLS CARBOW AT&1-1035 AR At, KILLED FINE™ Gﬂm COLD’ WORKING QUALYTY "TEST REPORTS' OF -
MECHANTCAY. PROPERTIES FOR INFO ONLY EXTRA TESTING
SIEB: RDS 1.2190 DIAM X COIL

RD] 30,9626MM DIAM X COIL

e mm———— deumrm———— e 4= LADUE CHEMISTRY ¥ ~--v-wv- dammm e m————— memmmme e ———
-4 ne 4 8 32 (=] NT CR
0,24 0,45 0.023 0.003 0.14 0.05 0.05 0.07
v &N CB N
0.002 0.02 0,006 0.037 0.000
cdsdmmr———— P tmaduans=an- CALCUGATED TBOTS ~----- el Aeamre s anmeaunnn
REDUCTTON RATED 38.1 TO A
T’
AUSTENITIC GRAIN SI%R § OR FINER BASED ON A TOTAL ALUMINOUM CONTENT BQUAL TO OR GRRATER THAN .020% EBR
ASTM A29.
B T T “awmscmecemsssuasean= GEMI - PINISHED RBEULTS --uunumcrr-=na- dumm e dmembaannan
AU hdedemmmA e ——— Aemsea e FINISHRD SIZE RESOLTS ~----n--- ammamann A smmadmm e -
TENRILE THST STANDARD PORMAT
TENSILE YIRLD(D.2%) RA B
PST Pst % 3
bcE 01 64530 313930 €4.2 33.0
HARONESS TEST ASTM BLO/ASTM A370 HBW AS-RLD/CD HRW
MID-RADIUR
AVG 152

REPUBLIC RNGINBERED PRODUCTS mxmr CERTLPY THAT THE MATERIAL LISTED HERRIN HAS Bm INSPECTED AND
TESTED IN ACCORDANCE WITH THB MBTRODS PRESCRIBED XN THE GOVERNING SPRCIFICATIONS AND BASED UPON THR
RESULTS OF BUCH INSPECTION AND TESTING HAS REFN APPROVED FOR CUNFORMANCE TO THE SPRCIFICATIONS.
CERTIFICATR OF THESTS SKALL NOT BE REMRODUCED RXCEPT IN FULL. X L
ALL TESTING HAS BREN PRRFORMED USING THE CURRRNT RRVISION OF THE TRSTING SPRCIPICATIONS.

RECORDING OF FALSR, FICTITIOUS OR FRAUDULSNT STATEMENTS OR BWTRIES ON THIé DOCUMENT MAY BR PONISHED
A5 A FELORY UNDER PED STATUBS TITLR 18 CHAFTER 47,

THE MATERIAL WAS NOT RXPOSED TO MERCURY OR ANY METAL ALLOY THAT IS LIQUID AT AMBIENT TEMPERATURR
RURING PROGRSSING OR WHILE IN OUR POSSESSION,

NO WELD OR WELD REPBIR WAS PERFORMED ON THIS MATERIAL.
THE RESULTS REPORTED RELATE ONLY TO THE 1TEMS TRSTED

MELTED AND MANUPACTURED IN THE U.S5.A,

R. A. BULLOCK BY HILDA BRCUE
DIRECTOR QUAL. ASSURANCE 3

¥ 8 et

Figure A-20. Guardrail Nut Material Specifications, Test Nos. MGSMRH-1 and MGSMRH-2
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DALLAS, TX 75366-8887
Phona; 214,589.7591 FAX: 214,589,7584
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MIDWEST MACHINERY

axind,
JEM o
%
NYLAP LAB CODE 2008540

Lab No: 5080059F Recsived Dale: 08/07/2009 Complstion Date: 0811012008
SUE HENLINE et Coder kit
TRINITY HWY PRODUCTS, LLC #55 umber: 5072080, Type:
ROLLFORM PO or Work Order: 5550003 Materiol Siz; 5%6° GR Nuts 33408
LIMA, OH 45807 Tast Spoct F605 ASTM METHODS
Othor Information:  Lot# 090717N2
PASSED
Hardness Type: HARDNESS ROCKWELL BW Measured Value | Measured Amt '
Hérdness Lacation: SURFACE of WRENCH FLAT - & Messursd Value 88
Harnees Avarage: 83 Moazurod Valise 8

OTHER TEST:

Type: NUT PROOF LOAD

Samples PASSED proof loads of 16,950 LBS.

A Type: HEAD MARKINGS
» . IRN L : - = - -

Quantity amount; 5

Quantity amount: 1

WOWW?I’\OMM” be a true and accurate
report witl void certification. NVLAP Cettificate of

Accted
canification, approval, or endorsement by NVLAP, NIST, or any agency of the foderal

of the sample(s) submitted. Alteration or pattial raproduction of this
effectiva through 12-31-08.This report may not bo used lo clalm product

L Diesetor, Michaet 8, Baston, PE

Page 2 of 2

Figure A-21. Guardrail Nut Material Specifications, Test Nos. MGSMRH-1 and MGSMRH-2
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RNt Y FRABEALERE. PO or Work Order: 55.50083 ‘Material Size: 5/8* GR Nuta 33408
gty Test Spec: F606 ASTM METHODS

; Ofter Information: Lot # 0B071TNZ

HARDNESS TEST:

Hatdness Typa: HARDNESS ROCKWELL BW
Hardness Location: SURFACE of WRENCH FLAT - A
Hariness Average: 88.5

Herdness Type: HARDNESS ROCIGWELL BW
Harcinoss Location: SURFAGE of WRENCH FLAT - B
Herdress Average: 02

Hardnoss 'Wpﬂ' HARDNESS ROCNNEU. BW
Hardness Location; SURFACE of WRENCH FLAT - &
Hardness Average: 87.5

- Hardness Typo: HARONESS.ROCKWELL BW- - .
Hardneas Location: SURFACE of WRENCH FLAT - D
Hardnass Avarage: 88.5

Measured Value | MeasuredAmt | ASSED
Mansired Valuo ]
Msesursd Valve 88
PASSED
Meazured Value Measured Amt
Measured Value 92
Moasured Valua 82
PASSED
Moasured Value --{ . Measured Amt
Measured Value .8
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Measured Value 20
Measured Value 88
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partial reproduction of this

Vo) ot

Lals Dindctor, Michan] . Bastor, PE
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Figure A-22. Guardrail Nut Material Specifications, Test Nos. MGSMRH-1 and MGSMRH-2
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A5/ 06/ 2009 16136 492-761-3288

g

TRINITY BIGHWAY PRODUCTS, LLC.
425 E, *CONNOR AVENUE
LiMA, OHIO 45861
419-227-1296

. MATERIAL CERTIFICATION

e .
CUSTOMER: STOCE DATE: SANUARY 2.2008
| INVOICE#:
LT i 8612098
| PARY NUMBER: 33806 QUANTITY; 103,133
DESCRIPTION: 1
5/2™ X 3 % HE BOLT
i o i sosisssas e | DAY RETPPREY:
SPRCIFICATIONS: ;
ASTM A307-A/ALES T r—

MATERIAL CHEMISTY

P |8 | & U CRIMOJAL | ¥V { N |CB

MN NI s
09| 3% | 406 | .00 | 100 | 09 | .04 | 06 | A% | 032 | 003 | 6060 | 400 | GAA | 000T | 601 | K01
091 .99 007 | .06 ) 090 .08 {05 .67 | o2 | 093] .001 | .07 | 000 | .006 {0081 | 081 | to1

PLATING AND/DR PROTECTIVE COATING

¥

| HOT DIP CALVANIZING (OZ. PER 3Q. FT) 125 AVG. —i

EEPHIE PRODUCT WAS MANUFACTURRD IN THE URITED STAYES CF AMERICA®>
THE MATERIAL USED IN THIS PRODUCT WA MELTED AND MANUFACTURED XN THE U.8.A.

WE SERERY CRRTIFY THAT T0 THE BEST OF GUR KNOWLERNGE ALL INFORMATION
CONTAINED HEREIN Is CORRECT, ‘ & S )

STATE OF OHI0, COUNTY OF ALLEN
SWORN, AND SUBSCRISED BEFORE ME

NOTARY PUBIAC

429 B O'CONNDR AVERNUE LIM A, OITID 45801 4102271296

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

MGSMRH-2
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Costomer: MIDWEST MACH.& SUPPLY CO. Salea Order: 1093497 Print Date: 6/30/08
P. 0. BOX 82097 Customer PO; 2030 Project: RESALE
, BOL# 43073 Shipped Te: NE
Document# 1 Use State: K8
LINCOLN, NB 68501-1057
Trinity Highway Products. LLC
Certificate Of Compiiance For Trinity Industries, Inc, ** SLOTTED RAIL TRRMINAL **
NCHRP Report 350 Compliant
E Piece: Description
2 32 12/12'6/8 SRT-1
32 12/25'0/SPEC/S SRT-2
% 32 3/16X12.5X16 CAB ANC BRKT
=a] 2% X 5 1/2" PIPE (LONG) -
64 60 TUBE SL/.188X8X6
232 5/8 X 6 X 8 BEARING PLATE
= 32 . \XBURFER/ROLLED
32 CBL 3/4X6'6/DBL SWG/NOEWD
640 5/89 RD WASHER 1 3/4 OD
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'"%9.5" HEX BOLT A307
Upon delivery, all materials subject to Trinity Highway Products , LLC Storage Stain Policy No. LG-002.
§
(32
[}
o
"l g
[}
(Y]

<ALL STEEL USED WAS MELTED AND MANUFACTURED IN USA AND COMPLIBS 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.
gBDLTS COMPLY WITH ASTM A-307 SPECIFICATIONS AND ARB GALVANIZED IN AOCORDANG&W’[TH A5TM A-153, UNLESS OTHERWISE STATED.
"\IU'"S COMPLY WITH ASTM A-563 SPECIFICATIONS AND ARE GALVANIZED IN ACCORDANCE WITH ASTM A-153, UNLESS OTHERWISE STATED.
14" DIA CABLE 6X19 ZINC COATED SWAGED END AISIC«KBS STEEL ANNEALED STUD 1" DIA ASTM449 AASHTO M30, TYPEI BREAKING

g"fm -49100 LB
S3tate of Ohio, County of Allew. Swom and Sabserbed befors meABi 29k day of hune, 2008
{3 , 'I ' 4 ' ’ 4 ’mmy nghway Products, LLC
B totary Public: IS S /
Iamnrriseing Fenieae ; 4 - . L

Figure A-24. 9%-in. (241-mm) Hex Bolt Material Specifications, Test Nos. MGSMRH-1 and MGSMRH-2
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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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~
3 Costomer: MIDWEST MACH.& SUPPLY CO. Sales Order: 1003497 Print Date: 6/36/08
P. 0. BOX 81007 Customer PO; 2030 Project: RESALE
§ . BOL# 4307 Shipped To: NE
= Document# 1 Use State: KS
LINCOLN, NE 68501-1087
Trinity Highway Products. LLC
Certificate OFf Compiiance For Trinity Indinstries, Inc, ** SLOTTED RAIL TERMINAL ¥
NCHRP Report 350 Compliant
E Pieces Description
z 32 12/12'6/S SRT-1
32 12/25'0/SPEC/S SRY-2
% 32 316X12.5X16 CAB ANCBRKT
32 2"X 5 1/2" PIPE (LONG) -
64 §'0 TUBE SL/,188X8X6
32 /8 X 6 X 8 BEARING PLATE
=] 32 12/BUFFER/ROLLED
32 CBL 3/4X6'6/DBL SWG/MNOEWD
640 5/8" RD WASHER 1 3/4 GD
1,728 5/8" GR.HEX NUT
1,152 5/8"%1.25" GRBOLT
256 5/8°%1.5" HEX BOLT A307
k54 5/8'"%9.5" HEX BOLT A307

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

an-761-29a8

<ALL STEEL USED WAS MELTED AND MANUFACTURED IN USA AND COMPLIBS 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,
g:‘%‘Z)L’I'S COMPLY WITH ASTIM A-307 SPECIFICATIONS AND ARE GALVANIZED IN AOCORDANCE WITH ASTM A-153, UNLESS OTHERWISE STATED.
"\IU"'S COMPLY WITH ASTM A-563 SPECIFICATIONS AND ARE GALVANIZED IN ACCORDANCE WITH ASTM A-153, UNLESS OTHERWISE STATED.
14" DIA CABLE 6X19 ZINC COATED SWAGED END AISIC«IOSS STEEL ANNEALED STUD 1" DIA ASTM449 AASHTO M30, TYPEI BREAKING

g"l’RﬂTG’lﬂ 49100 LB .
Sitate of Ohio, County of Allen. Ssporn and Sabserfbed befors meABiE 3th day of hune, 2008
5. ' (L) R Tty Highwey Boduce, LLC
gprﬂbﬁm '/ ."A g K 7 U Z Certified By:
Yamnrriseing Fenieae A : . L 3

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

T-UOISINSY ZT-GG2-€0-dY.L 'ON Hoday 4SHMIN

GTOZ ‘OE JaquisnoN



November 30, 2015
MwRSF Report No. TRP-03-255-12 Revision-1

}
t : | v |
C o Pk-20- |
1
|

f H#8200453 Pcs P28.20 @ b{m\m

. Made mlHechoenTauwan
. LOT#HO16?9033

i

B5236

Hex Cap Screws Grade 5 USS |
H Torn Cabeza Hex Grado § USS |

3/4-10x7-1/2 g
- WM9.0x190.5

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

MGSMRH-1 and MGSMRH-2
153



November 30, 2015
MwRSF Report No. TRP-03-255-12 Revision-1

[ﬂllllllillIHIHIIIIIIlIII;l

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

Made in: TAIWAN
Heat no: 1N48S
. _Lot No: A801-8C0501

Earnest <

-w vang'ly Better
1 200, EARNES T —

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

MGSMRH-1 and MGSMRH-2
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-

H#8270027 PCS./P28.45 . -7
Made in/Hecho en China ' \”('?
LOT#HO1671984
Flat Washers USS
n " mflm l'” ” m Arandelas Planas USS
3/4
A2236 8’6?"

M19.0

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

R S T

BALLAST

wheel base

November 30, 2015
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Vehicle: 1100C Rio Sedan

Vehicle CG Determination

Weight LongCG LatCG Long M Lat M
Equipment (Ib) {in.) {in.) (Ib-in.) (Ib-in.)
Unbalasted Car 2401 3498 -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
Qil -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 -15 205 15 -20.5
Water 41 79 0 3239 0
Misc. 0 0
Misc. 0 0
87144 75| -1852.44
TOTAL WEIGHT [ 2418|Ib CG location (in.)| 36.04001| -0.7661
95 in.
MASH targets CURRENT Difference
Test Inertial Wt (Ib) 2420 (+/-)55 2418 2.0
Long CG (in.) 39 (+/-4 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

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

Front 759| 758 Front 771| 729
Rear 468 416 Rear 468 461
FRONT 1517 Ib FRONT 1500 Ib

REAR 884 Ib REAR 929 Ib

TOTAL 2401 Ib TOTAL 2429 Ib

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

VEHICLE

O T S R

BALLAST

wheel base

Vehicle: 1100C RIO

November 30, 2015
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Vehicle CG Determination

Weight LongCG LatCG Long M Lat M
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 0 364 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
Oil -5 6.5 10 325 -50
Interior -35 45 0 -1575 0
Fuel 43 77 0 -3311 0
Coolant -5 -18.5 0 92.5 0
Washer fluid -2 -15.5 22 31 -44
Water 0 0
Misc. 0 0
Misc. 0 0
86879| -341.656
TOTAL WEIGHT Ib CG location (in.)| 36.04938| -0.14177
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 Ib TOTAL 2412 Ib

Dummy = 166lbs.

Figure B-2. Vehicle Mass Distribution, Test No. MGSMRH-2
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Appendix C - Static Soil Tests
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097

Post-Testhoto of Post

Dynamic Set up

Percent Finer vs. Grain Size of Fill Soil from Baseline Static and

100 Dynamic Load Tests

1

0
-
£ & Al
T :
£ %
@
E 20 T —

° M- = =CANT
10 1 0.1 0.01

Grain Size, D (mm)

Dynamic Test/Installation Details

Comparison of Load vs. Displacement ]
14000 —
12000 1 — \winch or
Dispiacementtom Hydroulic
10000 4 = Cylinder
e 8000 % Eoseg;e_m-mw @'$
M) Load Cal 2
é 6000 11 l Required Loed s 36" Diometer s
§ 4000 Cespiacement Gron:ovefﬁll \..\
- ’ —0Ed S
2000 l S g
0 Static Test :
0 10 20 30 40 Installation Details v
Displacement (in.) —
B e L L 7/7/2005
Test Facility & Site Location.........cccuuieiiiiiniiciiiiiiciiniicncennaines Midwest Roadside Safety Facility
In situ soil description (ASTM D2487).......ccccceriiinniiiriinnciecnnnnnns Well Graded Gravel (GW)
Fill material description (ASTM D2487) & sieve analysis............ Well Graded Gravel (GW) (see sieve analyses above)

Description of fill placement procedure

6-inch lifts tamped with a pneumatic compactor

Bogie Welghtl......ccciaanmaiimansiammsmtavrmismesomis 1605 Ibs

Impact Velocity 19.08 mph

Figure C-1. Soil Strength, Initial Baseline Tests
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Comparison of Static Load Test Results and Required Minimum:
Load vs. Displacement

Static Load Test Setup

8000 [
| 0adVs.
7000 A Displacement phuness
from Static Load )
6000 - Test
e \linimum Static
5000 I Load
2 4000 _
; N GSMAX-1static
S 3000 (Load Cell 1)
-
2000 e MG SMAX-1static
1000 (Load Cell 2)
0 T
0 10 20 30 40
Displacement (in.)
s Percent Finer vs. Grain Size of Fill Soil from Static Load Tests
- L
80 N
70 —
;.:s (] | N
i % :
g 40 \ =
o »
& » i =Sl
0 1T R———]
: ul 7
100 10 1 0.1 0.01
Grain Size, D (mm)
—8—2/15/2010
Date...coeeveerniiniirienannns ... 6/29/2010
Test Facility & Site Location.........c.cceevvunnns T —— Midwest Roadside Safety Facility
In situ soil description (ASTM D2487)........cccvvvuiiiiieiiecinininnnnnnn. Well Graded Gravel (GW)

Fill material description (ASTM D2487) & sieve analysis..

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

Description of fill placement procedure...........ccooviiuiiiiiiinninnnns 8-inch lifts tamped with a pneumatic compactor

Figure C-2. Static Soil Test, Test No. MGSMRH-1

T-UOISINSY ZT-GG2-€0-dY L "ON Hoday 4SUMIN

GTOZ ‘0 JequienoN



97

Comparison of Static Load Test Results and Required Minimum:
Load vs. Displacement Static Load Test Setup
7000 ' ' .
| 0ad Vvs. oy
6000 A Displacement
from Static Load
Test
5000 e inimum Static
\ Load
=
o s NIGSMRH-2
5000 N Static-2 (Load
& Cell 1)
2000
= MIGSMRH-2
1000 Static-2 (Load
Cell2)
0 - .
0 10 20 30 40 SRRV
Displacement (in.)
- PercentFiner vs. Grain Size of Fill Soil from Static Load Tests
I
20
80 L\
e 3
o
£n W
E 4w
2y N
D
a 20
10 \T\“M ‘1 =
. l '
100 10 1 0.1 0.01
Grain Size, D (mm)
—&—5/5/2010
DB O o cnomarmemnnnnansnsansmasusawanasnnnsmransananss nspuxn 9/9/2010
Test Facility & Site Location........cccceovvvinnniinnnnns Midwest Roadside Safety Facility
In situ soil description (ASTM D2487) Well Graded Gravel (GW)
Fill material description (ASTM D2487) & sieve analysis............ Well Graded Gravel (GW) (see sieve analyses above)
Description of fill placement procedure...........ccoveivviiiiiviniennns 8-inch lifts tamped with a pneumatic compactor

Figure C-3. Static Soil Test, Test No. MGSMRH-2
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November 30, 2015
MwRSF Report No. TRP-03-255-12 Revision-1

Appendix D - Vehicle Deformation Records
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TEST: MGSMRH-1
VEHICLE: 1100C Rio Sedan

VEHICLE PRE/POST CRUSH
FLOORPAN - SET 1

November 30, 2015

MwRSF Report No. TRP-03-255-12 Revision-1

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

X Y, z X Y Z ax Ay 1.V
POINT (in.) (in.) (in.) (in.) (in.) (in.) (in.) (in.) (in.)
1 28 81/4 4 1/2 28 1/4 81/2 -4 3/4 1/4 1/4 -1/4
2 29 3/4 12 3/4 4 1/2 30 13 4172 1/4 1/4 0
3 30 1/4 18 -31/4 30 18 1/4 -3 172 -1/4 1/4 -1/4
4 26 24 3/4 -13/4 25 34 24172 -13/4 -1/4 -1/4 0
5 23 3/4 7172 -7 1/4 23 3/4 73/4 -7 12 0 1/4 -1/4
6 25 3/4 12 3/4 -8 1/4 26 13 -8 1/4 1/4 1/4 0
7 26 17 1/4 -8 26 1/4 17 1/4 -7 1/4 1/4 0 3/4
8 24 1/4 25 3/4 -4 3/4 24 1/4 25 3/4 4 3/4 0 0 0
9 20 1/4 7172 -9 1/2 20 1/4 73/4 -91/2 0 1/4 0
10 2114 13 -91/2 211/4 13 1/4 -9 34 0 1/4 -1/4
11 22 19 -8 172 22 19 1/4 -8 3/4 0 1/4 -1/4
12 22 24 1/2 -8 1/2 22 1/4 24172 -8 1/2 1/4 0 0
13 16 8 -9 16 8 1/4 914 0 1/4 -1/4
14 16 1/2 13 1/4 -9 16 1/2 13 3/4 -91/4 0 1/2 -1/4
15 17 3/4 18 1/4 -8 1/2 17 172 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
17 93/4 31/4 -4 1/2 93/4 314 -4 3/4 0 0 -1/4
18 111/4 8 1/4 -9 111/2 8 1/4 -9 1/4 0 0
19 11.3/4 13 172 -9 12 13 172 -9 1/4 0 0
20 12 18 1/4 -8 1/4 12 18 1/2 -8 1/2 0 1/4 -1/4
21 14 172 24 1/4 -8 1/4 14 172 25 -8 1/4 0 3/4 0
22 4 3/4 4 4 1/4 4 3/4 4 -4 1/4 0 0 0
23 61/2 11 -8 1/2 6 3/4 11.1/4 -8 3/4 1/4 1/4 -1/4
24 7 19 1/2 -8 6 3/4 19 3/4 -8 -1/4 1/4 0
25 63/4 25 -7 3/4 6 3/4 25 1/4 -7 3/4 0 1/4 0
26 3/4 61/2 4 3/4 3/4 61/2 -4 3/4 0 0 0
27 1/2 13 1/4 -51/4 1/2 13 1/4 -5 1/4 0 0 0
28 1/2 23 -4 1/4 1/4 23 1/4 -4 1/4 -1/4 1/4 0
29 0 0 0
30 0 0 0
31 0 0 0
\\ DASHBOARD /

DDDRA\

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

VEHICLE: 1100C Rio Sedan

VEHICLE PRE/POST CRUSH
FLOORPAN - SET 2

November 30, 2015

MwRSF Report No. TRP-03-255-12 Revision-1

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

X ¥ z X Y 2 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 -4.1/2 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 -1/2 0 0

4 35 3/4 28 1/4 -3 35172 28 1/4 -31/4 -1/4 0 -1/4

5 3334 111/4 -7 33 3/4 111/2 -7 0 1/4 0

6 36 16 1/4 -8 1/2 36 16 1/4 -81/2 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 1/2 -6 1/4 0 0 0

9 30172 111/2 -9 30172 111/2 -9 1/4 0 0 -1/4

10 31172 16 3/4 -91/2 31172 16 3/4 -10 0 0 -1/2

11 32 1/4 22 3/4 -9 1/4 32 1/4 22 3/4 -91/2 0 0 -1/4

12 32172 27 3/4 -9 3/4 32 1/4 28 -10 -1/4 1/4 -1/4

13 26 11172 -8 1/2 26 1/4 111/2 -9 1/4 0 -1/2

14 26 3/4 17 1/4 -91/4 27 17 -91/2 1/4 -1/4 -1/4

15 28 22 1/4 -91/4 28 22 1/2 -9 1/2 0 1/4 -1/4

16 28 1/4 28 1/4 -9 3/4 28 1/4 28 3/4 -9 3/4 0 172 0

17 19 1/2 71/4 -3 3/4 19 1/2 71/4 4 0 0 -1/4

18 22 11172 -8 3/4 22 111/2 -8 3/4 0 0 0

19 22 1/2 17 -9 22 1/2 16 3/4 -9 1/4 0 -1/4 -1/4

20 22 3/4 211/2 -9 22 3/4 21172 -9 0 0 0

21 25 28 1/4 -91/2 24 3/4 28 1/4 -91/2 -1/4 0 0

22 14 3/4 8 -31/2 14 172 8 -31/2 -1/4 0 0

23 17 14 1/2 -8 1/2 17 14 172 -8 3/4 0 0 -1/4

24 17 23 -8 3/4 17 1/4 23 -8 3/4 1/4 0 0

25 17 28 1/2 -91/4 17 1/4 28 1/2 -9 1/4 1/4 0 0

26 10 3/4 10 1/2 -4 1/4 10 3/4 10 1/4 4112 0 -1/4 -1/4

27 10 3/4 17 1/4 -51/2 10 3/4 17 -51/2 0 -1/4 0

28 10 3/4 27 -5 172 10 3/4 26 3/4 5172 0 -1/4 0

29 0 0 0

30 0 0 0

31 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

November 30, 2015

MwRSF Report No. TRP-03-255-12 Revision-1

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

X Y 7 X Y Z X av oz
POINT | (in) (in.) (in.) (in) (in.) (in.) (in.) (in.) (in.)
Al 3312 | 32 181/2 | 3314 | 3134 | 183/4 | -1/4 14 1/4
A2 3312 | 38314 | 19 3312 | 3812 | 19 0 _1/4 0
5 A3 3312 | 4512 | 1914 | 3312 | 4512 | 1914 | 0 0 0
3 Ad 2812 | 3314 | 14 2814 | 3212 | 1334 | -1 _3/4 _1/4
A5 28112 | 40 1414 | 2812 | 3914 | 1414 | 0 _3/4 0
A6 2812 | 481/ | 141/4 | 2814 | 4712 | 1412 | -1 34 14
I B1 3234 | 2414 | 3 323/4 | 243/4 | 314 | 0 112 14
=5+ B2 30 24112 34 | 30 25 112 0 112 _1/4
[ B3 29 2334 | 212 | 29 24 3 0 114 12
i c1 263/4 | 36 163/4 | 2634 | 36 1612 | 0 0 _1/4
= 2 1712 | 36 1734 | 1712 | 3614 | 1734 | 0 114 0
25 C3 8 3634 | 183/4 | 8 37 183/4 | 0 114 0
g 2 c4 213/4 | 2934 | -1a | 2134 | 2934 | -12 | 0 0 14
= c5 1334 | 2912 | 412 | 1334 [ 2912 | 412 | o 0 0
= c6 33/4 | 3012 | 5 33/4 | 303/4 | 514 | 0 114 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
i D7 0 0 0
9 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
A2
A5

DDDR—\\\

]
Z

’;//—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

November 30, 2015

MwRSF Report No. TRP-03-255-12 Revision-1

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

X Y 7 X Y z X 2 oz
POINT | (in) (in) (in.) (in.) (in.) (in.) (in.) (in.) (in)
Al 493/4 | 3412 | 19 50 3414 | 19 1/4 14 0
A2 50 Y 18172 | 5014 | 41 18 1/2 114 0 0
% A3 501/4 | 48 173/4 | 501/4 | 48 1734 | 0 0 0
3 Ad 4512 | 3414 | 14 4534 | 3414 | 14 114 0 0
A5 4534 | 4114 | 1312 | 4534 | 4114 | 1312 | 0 0 0
A6 45172 | 4912 | 1234 | 4512 | 4914 | 13 0 14 1/4
R B1 52 28 5 52 28 434 | 0 0 1/4
oz B2 4914 | 27 4 4914 | 27 -1 0 0 0
o B3 481/4 | 261/4 | 414 | 4812 | 2614 | 414 114 0 0
i 1 3012 | 38 143/4 | 301/4 | 38 1434 | - 14 0 0
= c2 21 3834 | 16 21 3834 | 16 0 0 0
NS c3 1112 | 3912 | 17 1112 | 3912 | 17 0 0 0
§ 2 ca 2814 | 3314 | 2 2814 | 31314 | 2 0 0 0
s Cc5 201/4 | 3314 | 314 | 2014 | 3314 | 3 0 0 1/4
= c6 83/4 | 34 314 | 9 3414 | 312 114 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
i D7 0 0 0
S 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
of

DDDR—\\\

c2

C3

//r—DDDR

Figure D-4. Occupant Compartment Deformation Data — Set 2, Test No. MGSMRH-1
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November 30, 2015
MwRSF Report No. TRP-03-255-12 Revision-1

Date: 7/6/2010 Test Number: MGSMRH-1

Make: Kia Model: 1100C Rio Sedan Year: 2003

~—, EQUAL
/ DISTANCE

“REF

in. (mm)
Distance from C.G. to reference line - Lggg: 77 (1956)
‘Width of contact and induced crush - Field L: 32.12§ (816)
Crush measurement spacing interval (L/S) -I:  6.425 (163)
Distance from center of vehicle to center of Field L - Dg: 16.0625 (408)
‘Width of Contact D ge: 28.125 (714)
Distance from center of vehicle to center of contect damage - D¢: 18.0625 (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.
: g Actual Crush
Measurement Location Measurement Lines

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

[} 8 (203) 0 0 9.25 (235) -1.54 -(39) 0.3 (@)

C, 9 (229) 6.425 (163) 9.39 (239) 1.1 (29)

Cs 9.5 (241) 12.85 (326) 10.02 (254 1.0 (26)
€y 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 (77)
Chax 30 (762) 25.7 (653) 14.09 (358) 17.4 (443)

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

168



November 30, 2015
MwRSF Report No. TRP-03-255-12 Revision-1

Date: 7/6/2010 Test Number: MGSMRH-1

Make: Kia Model: 1100C Rio Sedan Year: 2003

1) |
J
in. (mm)
Distance from centerline to reference line - Lggs: 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 - Dgg: -14 -(356)

‘Width of Contact Damage: 58.75 (1492)
Distance from vehicle c.g. to center of contect damage - D¢t 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
2 S Actual Crush
Measurement Location Measurement Ref. Lines
in. (mm) in. (mm) in. (mm) in. (mm) in. (mm)
(o} 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) 306  (777) 3.13 (79) 0.4 (10)
Cy 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 (897) NA NA
Chax 14 (356) 47 (1194) 4.38 (111) 6.6 (168)

Figure D-6. Exterior Vehicle Crush (NASS) - Side, Test No. MGSMRH-1
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TEST: MGSMRH-2
VEHICLE: 1100C RIO

VEHICLE PRE/POST CRUSH

FLOORPAN - SET 1

November 30, 2015

MwRSF Report No. TRP-03-255-12 Revision-1

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.)
1 27 1/2 8 4 3/4 27172 8 41/2 0 0 1/4
2 29 1/4 12 3/4 -4 3/4 29 1/4 12 3/4 41/2 0 0 1/4
3 28 3/4 17 4 1/2 28 3/4 17 172 4 0 1/2 1/2
4 26 1/4 24 -13/4 26 24 112 -11/4 -1/4 1/2 1/2
5 24 1/4 8 -61/4 24 1/4 8 -6 0 0 1/4
6 25172 11.1/4 -8 25172 11.1/4 -71/2 0 0 1/2
7 25 3/4 17 -7 26 17 -6 1/2 1/4 0 1/2
8 24 1/2 24 3/4 4 3/4 24 1/4 25 4172 -1/4 1/4 1/4
9 20 1/2 8 -8 3/4 20 172 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
11 213/4 17 -8 22 17 -7 314 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 7172 -8 1/4 16 1/4 7172 -8 1/4 0 0 0
14 16 1/2 13 3/4 -8 1/2 16 3/4 13 172 -8 1/4 1/4 -1/4 1/4
15 17 18 172 -8 17 18 172 -7.3/4 0 0 1/4
16 18 24 1/2 -8 18 24 3/4 -7 172 0 1/4 1/2
17 93/4 4 -3 1/2 93/4 4 -3 1/2 0 0 0
18 11172 73/4 -8 11172 73/4 -8 0 0 0
19 113/4 14 -8 113/4 13 3/4 7314 0 -1/4 1/4
20 12 18 1/2 -7 172 12 18 3/4 -7 112 0 1/4 0
21 11.1/4 24 1/2 -71/2 11.1/4 24 172 -6 1/2 0 0 1
22 61/4 4 -31/4 6 4 -31/4 -1/4 0 0
23 6 3/4 11 1/4 -73/4 6 3/4 11.1/4 -71/2 0 0 1/4
24 6 3/4 18 1/2 -71/4 6 3/4 18 3/4 -7 0 1/4 1/4
25 73/4 2514 -7 1/4 7172 25 -6 172 -1/4 -1/4 3/4
26 11/4 73/4 4 11/4 73/4 -33/4 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 24 112 -3 3/4 11/2 24 1/4 -3 3/4 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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November 30, 2015
MwRSF Report No. TRP-03-255-12 Revision-1

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 V4
POINT (in.) (in.) (in.) (in.) (in.) (in.) (in.) (in.) (in.)
1 335 11.25 4.25 335 11.75 4.25 0 1/2 0
2 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 - 14 0 -1/4
4 32 28 -1.25 31.75 28.5 -1.25 -1/4 1/2 0
5 30.25 11.25 5.75 30.25 11 -5.75 0 -1/4 0
6 31.75 14.25 ) 31.75 14.75 -7.25 0 1/2 1/4
7 32 20.25 6.5 32 20.5 6.5 0 1/4 0
8 30.25 29 45 30.25 29.5 4.5 0 1/2 0
9 26.5 11.5 -8.5 26.5 11.25 8.5 0 -1/4 0
10 275 16.25 -8.5 275 16.25 -8.75 0 0 -1/4
1 28 20.25 15 28 20.5 -1.75 0 1/4 -1/4
12 275 275 -8 275 28 -8 0 1/2 0
13 22.25 11.5 -8 225 11.25 -8 1/4 -1/4 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 28.5 -7.5 0 1/4 1/2
17 15.75 8 -3.5 16.75 8 -3.5 0 0 0
18 17.5 11.75 -8 17.5 11.25 -8 0 -1/2 0
19 18 17.75 -8 18 17.5 -8 0 -1/4 0
20 18.25 22.25 -1.75 18.25 22.5 -1.75 0 1/4 0
21 17.5 28.25 -1.75 17.25 28.5 6.75 -1/4 1/4 1
22 12.25 8 -3.25 12 7.5 -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 22.25 -75 13 22.5 -75 0 1/4 0
25 14 29 -1.5 13.5 29.25 -7 -1/2 1/4 1/2
26 7.25 11.5 4.25 7.5 11.5 .25 1/4 0 0
27 T 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 -1/4 0
29 0 0 0
30 0 0 0
31 0 0 0

\ DASHBOARD /

DDDRX . /DDDR

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

November 30, 2015

MwRSF Report No. TRP-03-255-12 Revision-1

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

X ¥ zZ X ¥ zZ axX AY Az
POINT (in.) (in.) (in.) (in.) (in.) (in.) (in.) (in.) (in.)
Al 49 314 313/4 19 314 49 314 31172 20 0 -1/4 1/4
A2 50 1/4 39 19 3/4 50 1/4 39 20 0 0 1/4
5 A3 50 1/4 45172 19 172 50 45172 19 3/4 -1/4 0 1/4
g Ad 45 1/4 3314 14 172 45 1/4 33 14 3/4 0 -1/4 1/4
Ab 45172 39 314 14 3/4 45172 39172 14 3/4 0 -1/14 0
A6 45172 47 14 3/4 45172 47 15 0 0 1/4
Wi B1 21 23 1/4 172 21 23 1/4 172 0 0 0
% <Z( B2 22 1/4 231/2 -2 3/4 22112 23 3/4 2112 1/4 1/4 1/4
o B3 19 3/4 23 -2 172 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
g Cc2 15 36 1/2 18 1/2 14 3/4 36 3/4 18 1/2 - 1/4 1/4 0
= % €3 6 3/4 37 1/4 19 3/4 61/2 37112 19 3/4 -14 1/4 0
g 8 C4 211/2 26 1 211/2 26 1 0 0 0
= C5 15 29 3/4 -3/4 14 172 29 3/4 -1/2 -1/2 0 1/4
B Cé 31/2 30 1/2 3 31/4 30 1/4 31/4 -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
L D7 0 0 0
3 D8 0 0 0
= D9 0 0 0
D10 0 0 0
D11 0 0 0
D12 0 0 0
D13 0 0 0
D14 0 0 0
D15 0 0 0

DDDR\

DASHBOARD

]
Z

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

November 30, 2015

MwRSF Report No. TRP-03-255-12 Revision-1

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

X Y. z X ¥ z AX Ay A
POINT (in.) (in.) (in.) (in.) (in.) (in.) (in.) (in.) (in.)
Al 323/4 323/4 19 3/4 323/4 321/2 19 1/2 0 -1/4 -1/4
A2 3314 39 1/4 19 3/4 33 39 3/4 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
3 Ad 29 3/4 33314 14 3/4 29 172 333/4 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
A6 30 47 1/4 15 29 3/4 47 172 14 3/4 -1/4 1/4 -1/4
Wi B1 26 172 24 112 3/4 26 1/2 24 112 1/2 0 0 - 114
% Z B2 28 24 -2 112 28 1/4 24 1/4 2112 1/4 1/4 0
o B3 25112 23 3/4 -2 1/4 25112 24 -21/4 0 1/4 0
i Cc1 30 57 1/4 17 30 57 17 0 -1/4 0
% c2 19 1/4 57172 18 19 57 1/4 18 -1/4 -1/4 0
S C3 11 57112 19 11 57 3/4 19 0 1/4 0
g o2 C4 28 172 53 1/4 3/4 28 112 53 3/4 12 0 12 - 114
= C5 22 112 53114 -1 22 1/4 53114 -1 -1/4 0 0
a C6 11 1/4 53 1/4 21/2 11 531/4 2172 -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
L D7 0 0 0
8 D8 0 0 0
5 DY 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 ’9/ 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

November 30, 2015

MwRSF Report No. TRP-03-255-12 Revision-1

Year:

2004

LREF |

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

‘Width of contact and induced crush - Field L:

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

in. (mm)
71.75 (1822)
32.375 (822)
6.475 (164)
16.1875 (411)
25.375 (645)
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 Ref.

2 ¥ Actual Crush
Measurement Location Measurement Lines

in. (mm) in. (mm) in. (mm) in. (mm) in. (mm)
C; 3 (76) 0 0 9.25 (235) -6.80 -(173) 0.5 (14)
C, 3.5 (89) 6.475 (164) 9.39 (239) 0.9 (23)
C; 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 12.25 (311) 25.9 (658) 14.23  (362) 4.8 (122)
Cg NA NA 32.375 (822) 29.50 (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

November 30, 2015

MwRSF Report No. TRP-03-255-12 Revision-1

Year:

2004

+
in. (mm)
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/S) - I:  18.15 (461)
Distance from vehicle c.g. to center of Field L - Dg: 24.375 (619)
‘Width of Contact D: 90.75 (2305)
Distance from vehicle c.g. to center of contect d ge - D¢t 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 Longituflinal Original Profile Dist. Befween Actiisl Criish
Measurement Location Measurement Ref. Lines
in. (mm) in. (mm) in. (mm) in. (mm) in. (mm)
C 7.25 (184) 21 -(533) 3.13 (79) 3 (76) 1.1 (29)
C 725 (184) 2.85 (72) 3.13 (79) 1.1 (29)
Cs 775 (197) 15.3 (389) 3.13 (79) 1.6 (41)
(o 7.75  (197) 33.45  (850) 4.00 (102) 0.8 (19)
Cs 1225 (311) 51.6  (1311) 4.03 (102) 5.2 (133)
Cs NA NA 69.75 (1772) 23.50 (897) NA NA
Criax 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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Appendix E - Accelerometer and Rate Transducer Data Plots, Test No. MGSMRH-1
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Figure E-1. 10-ms Average Longitudinal Deceleration (DTS), Test No. MGSMRH-1
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Figure E-2. Longitudinal Occupant Impact Velocity (DTS), Test No. MGSMRH-1
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Figure E-3. Longitudinal Occupant Displacement (DTS), Test No. MGSMRH-1
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Figure E-4. 10-ms Average Lateral Deceleration (DTS), Test No. MGSMRH-1
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Figure E-5. Lateral Occupant Impact Velocity (DTS), Test No. MGSMRH-1
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Figure E-6. Lateral Occupant Displacement (DTS), Test No. MGSMRH-1
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Figure E-7. Vehicle Angular Displacements (DTS), Test No. MGSMRH-1
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Figure E-8.

Acceleration Severity Index (DTS), Test No. MGSMRH-1
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Figure E-9. 10-ms Average Longitudinal Deceleration (EDR-3), Test No. MGSMRH-1
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Figure E-10. Longitudinal Occupant Impact Velocity (EDR-3), Test No. MGSMRH-1
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Figure E-11. Longitudinal Occupant Displacement (EDR-3), Test No. MGSMRH-1
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Figure E-12. 10-ms Average Lateral Deceleration (EDR-3), Test No. MGSMRH-1
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Figure E-13. Lateral Occupant Impact Velocity (EDR-3), Test No. MGSMRH-1
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Figure E-14. Lateral Occupant Displacement (EDR-3), Test No. MGSMRH-1
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Figure E-15. Acceleration Severity Index (EDR-3), Test No. MGSMRH-1
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PLAN VIEW Test No.
MGSMRH-2
a '{cB‘,'i'\c a a a a a a a a a a a
/2 T I O O L
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[914] !
B
BCT posts in 72" [1828] lon BCT posts in 72” [1829
ggglvgmzed ;ondo[tltont] ¥ Wv?1x5825x1226 1829] Itorg p(golvomge(l:i) fléuindtollon
Ubes, ground line strut, ubes, ground line stru
and BCT cable anchor on Fosts with PROFILE VIEW and BCT cable anchor
152x305x36/]
lockouts
Notes: (1) Test no. MGSMH—2 is to be performed according to test designation
no. 3—10 of MASH.
SHEET:
(2) lggtlwgacts\ocotmn is 10" [3048] upstream from the centerline of MGS 36 in. Height .
(3) The BCT anchor posts are placed in @ 3’ [914] holes. System Layout :;:E;/m”
(4) Critical region located between post nos. 11 through 21. SR BT
Midwest Roadside o/
Sofety FGCIIIty DWG. NAME. SCALE: 1:220 [REV. BY:
MGS_36Ht_R3 UNITS: In.[mm] [KAL

Figure F-1. Test Installation Layout, Test No. MGSMRH-2
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DATE:
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DRAWN BT:
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Sofety Focility DWG. NAME. SCALE: 1:16 |[REV. BY:
MGS_36Ht_R3 UNITS: ln.[mm] KAL

Figure F-2. 36-in. (914-mm) Tall MGS Details, Test No. MGSMRH-2
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Figure F-3. BCT End Anchor Details, Test No. MGSMRH-2
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Figure F-4. BCT End Anchor Details, Test No.

MGSMRH-2
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Figure F-5. Line Post Details, Test No. MGSMRH-2
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Figure F-6. Anchor Post Details, Test No. MGSMRH-2
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Figure F-7. BCT Anchor Cable Details, Test No. MGSMRH-2
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Figure F-8. Ground Strut and Anchor Bracket Details, Test No. MGSMRH-2
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Figure F-9. W-Beam Guardrail Details, Test No. MGSMRH-2
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Midwest Guardrail System at 36” Rail Height
ltem No. QTY. Description Material Specification Hardware Guide
al 25 W6x8.5 72in [W152x12.6 1829] long steel post ASTM A36 Steel PWEOB
a2 25 6"x12"x14 1/4” [152x305x362] Blockout SYP Grade No.1 or better PDB10a—b
a3 12 12'—6" [3810] W—Beam MGS Section 12 gauge [2.7] AASHTO M180 RWMO4aq
a4 1 12’—6" [3810] W—Beam MGS End Section 12 gauge [2.7] AASHTO M180 RWM14a
a5 1 8'—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 PTEOB
b2 BCT Timber Post —MGS Height IZSILYSF’7]GZObdoeveN(<)>} Le?gwbgtr%egn N?enl;ri]gﬁs'fclzse,' PDFO1
b3 2 Strut and Yoke Assembly ASTM A36 Steel Galvanized -
b4 2 BCT Cable Anchor Assembly 93/4” [19] 6x19 RS PS5 Galvnized Wi FCAO1—02
b5 2 Anchor Bracket Assembly ASTM A36 Steel FPAO1
b6 2 8"x8"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 FMMO2
b8 112 5/8"Dia. x 1 1/2" [M16 x 38] 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 Grade 1 FWC14a
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
SHEET:
MGS 36 in. Height 10 o 10
DATE:
Bill of Materials 7,/13/2011
DRAWN BY:
Midwest Roadside o/
Sofety FOCI“ty DWG. NAME. SCALE: None |[REV. BY:
MGS_36Ht_R3 UNITS: In.[mm]|KAL

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-2. Longitudinal Occupant Impact Velocity (EDR-4), Test No. MGSMRH-2
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Figure G-3. Longitudinal Occupant Displacement (EDR-4), Test No. MGSMRH-2

T-UOISIN®Y ZT-GGZ-€0-dH L "ON Hoday 4SUMA

GTOZ ‘0€ 1aquisnoN



L0¢

Lateral CFC 180 10 msec Extracted Average Acceleration- EDR-4
MGSMRH-2

Acceleration (g's)
——
o—
=]
—_|
=]

A |

-10

0 0.1 0.2 0.3 0.4 05 08

Time (sec)

| —— CFC180 Extracted 10 msec Average Lateral Acceleration (g's) l

0.7

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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