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the facts and accuracy ofthe data, and the opinions, findings, and conclusions presented herein.
The contents do not necessarily reflect the official views or policies of'the State of Alaska
Department of Transportation and Public Facilities, North Dakota Department of Transportation,
The Texas A&M University System, or Texas A&M Transportation Institute. This report does
not constitute a standard, specification, or regulation. In addition, the above listed agencies/
companies assume no liability for its contents or use thereof. The names ofspecific products or
manufacturers listed herein do not imply endorsement of'those products or manufacturers.

The results reported herein apply only to the article being tested. The full-scale crash
tests were performed according to TTI Proving Ground quality procedures and according to the
MASH guidelines and standards.

The Proving Ground Laboratory within the Texas A&M Transportation Institute's
Roadside Safety and Physical Security Division ("TT! Lab" or "TTI LAB") strives for accuracy
and completeness in its crash test reports. On rare occasions, unintentional or inadvertent
clerical errors, technical errors, omissions, oversights, or misunderstandings (collectively
referred to as "errors") may occur and may not be identified for corrective action prior to the
final report being published and issued. If; and when, the TT! Lab discovers an error in a
published and issued final report, the TT! Lab shall promptly disclose such error to State of
Alaska Department of Transportation and Public Facilities, and both parties shall endeavor in
good faith to resolve this situation. The TTI Lab will be responsible for correcting the error that
occurred in the report, which may be in form of errata, amendment, replacement sections, or up
to and including full reissuance ofthe report. The cost of correcting an error in the report shall
be borne by TTI Lab. Any such errors or inadvertent delays that occur in connection with the
performance o fthe related testing contract shall not constitute a breach ofthe testing contract.

THE TTI LAB SHALL NOT BE LIABLE FOR ANY INDIRECT, CONSEQUENTIAL,
PUNITIVE, OR OTHER DAMAGES SUFFERED BY STATE OF ALASKA
DEPARTMENT OF TRANSPORTATION AND PUBLIC FACILITIES, NORTH
DAKOTA DEPARTMENT OF TRANSPORTATION, OR ANY OTHER PERSON OR
ENTITY, WHETHER SUCH LIABILITY IS BASED, OR CLAIMED TO BE BASED,
UPON ANY NEGLIGENT ACT, OMISSION, ERROR, CORRECTION OF ERROR,
DELAY, OR BREACH OF AN OBLIGATION BY THE TTI LAB.
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Chapter 1. INTRODUCTION

1.1  PROBLEM STATEMENT

The Federal Highway Administration/American Association of State Highway and
Transportation Officials (AASHTO) joint implementation date for all bridge railing designs to
meet the requirements of AASHTO Manual for Assessing Safety Hardware (MASH) is
December 31, 2019 (/,2). There is a need to re-evaluate commonly used bridge rails with
respect to the MASH requirements. The purpose of this project is to evaluate the Alaska 2-Tube
Bridge Rail and the Alaska Thrie-Beam Transition with respect to MASH requirements. This
bridge rail has been successfully crash tested to National Cooperative Highway Research
Program (NCHRP) Report 350 Test Level 4 (TL-4) specifications (3-6). A thrie-beam transition
and a W-beam transition were successfully tested to NCHRP Report 350 specifications for TL-4
and TL-3, respectively (7-10). Alaska DOT and several other northwestern states currently use
the Alaska 2-Tube Bridge Rail and the two transitions that are used in conjunction with the
Alaska 2-Tube Bridge Rail design. Some modifications and improvements (e.g., taller) were
made to the existing Alaska 2-Tube Bridge Rail to enable this design to meet the requirements
for MASH TL-4. The purpose of this project was to make design improvements as necessary for
the bridge rail and thrie-beam transition and evaluate the performance of these designs using full-
scale crash testing with respect to MASH guidelines for Test Level 4.

1.2 BACKGROUND

In May 1998, Texas A&M Transportation Institute contracted with Alaska Department of
Transportation to perform engineering analyses, design, and full-scale testing on the following:

1.) Alaska Multi-State (2-Tube) Bridge Rail.
2.) Alaska Multi-State Bridge Rail Thrie-Beam Transition.
3.) Alaska Multi-State W-Beam Transition.

Under that project (TTI Project No. 404311), TTI researchers performed engineering
analyses, developed engineering details, and performed full-scale crash testing on the Alaska
Multi-State (2-Tube) Bridge Rail. The bridge rail successfully met the performance
requirements of NCHRP Report 350 Test Level 4 (TL-4). As part of this current project, TTI
researchers also performed analyses, design, and full-scale testing for a new Alaska Multi-State
Bridge Rail Thrie-Beam Transition. This new thrie beam transition design will be tested with
respect to MASH TL-3 and is planned for later.

1.3 OBJECTIVE

For this project, TTI researchers evaluated the strength and performance of a new, taller
Alaska Multi-State 2-Tube Bridge Rail, herein after re-designated as the 2019 MASH 2-Tube
Bridge Rail, with respect to MASH, Second Edition 2016, specifications. TTI researchers
performed engineering analyses and developed engineering details for this design to meet the
performance requirements of MASH TL-4. TTI Proving Ground performed full-scale crash
testing on the final 2019 MASH 2-Tube Bridge Rail with respect to MASH TL-4.
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The purpose of the tests reported herein was to assess the performance of the 2019
MASH 2-Tube Bridge Rail according to the safety-performance evaluation guidelines included
in AASHTO MASH. The crash tests performed were in accordance with MASH TL-4, which
involves three full-scale crash tests on the 2019 MASH 2-Tube Bridge Rail.

This report provides details of the 2019 MASH 2-Tube Bridge Rail, detailed
documentation of the crash tests and results, and an assessment of the performance of the 2019
MASH 2-Tube Bridge Rail for MASH TL-4 evaluation criteria.
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Chapter 2. SYSTEM DETAILS

2.1. 'TEST ARTICLE AND INSTALLATION DETAILS

The concrete portion of the 2019 MASH 2-Tube Bridge Rail test installation was 154 ft
long, and consisted of a reinforced cantilevered deck and curb, with two 2-inch wide joints
extending through both the curb and the deck. The curb was 10 inches tall, with a 4-inch thick
lift of grout, yielding a 6-inch tall traffic side face. A 2-sack grout mix was used to simulate
asphalt which is typically used on the bridge applications. The curb was 18 inches wide at the
base, and 17 inches wide at the top, with the traffic side face sloping 1 inch toward the field side.
Anchor bolts were cast in the deck and extended through the curb.

Sixteen fabricated steel posts were longitudinally spaced on 10 feet centers, beginning at
24 inches from each end of the concrete curb. Two steel rectangular HSS rail elements spanned
the posts, and extended past them at each end of the installation. The top of the rails were
located 24 inches and 38 inches above grade (i.e. the grout on the concrete deck).

Figure 2.1 presents overall information on the 2019 MASH 2-Tube Bridge Rail, and
Figure 2.2 provides photographs of the installation. Appendix A provides further details of the
2019 MASH 2-Tube Bridge Rail.

2.2. MATERIAL SPECIFICATIONS

The specified minimum unconfined compressive strength of the concrete for the curb was
4000 psi and for the deck was 5000 psi. On December 10, 2018, the average compressive
strength of the concrete used in the curb was 5060 psi (at 42 days), and that in the deck was
5670 psi (at 44 days).

Appendix B provides material certification documents for the materials used to
install/construct the 2019 MASH 2-Tube Bridge Rail.

TR No. 608331-1A-2-3 3 2019-04-02
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Figure 2.2. 2019 MASH 2-Tube Bridge Rail prior to Testing.
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Chapter 3. TEST REQUIREMENTS AND EVALUATION CRITERIA

3.1. CRASH TEST PERFORMED / MATRIX

According to MASH, three tests are recommended to evaluate longitudinal barriers to
TL-4, details of which are shown in Table 3.1

Table 3.1. Test Conditions and Evaluation Criteria Specified for MASH TL-4
Longitudinal Barriers.

- - Impact o
: est est Conditions valuation
Test Axticle Designation Vehicle Criteria
Speed Angle

4-10 1100C 62 mi/h 25° A,D,F H,I

Losgitushnsl 4-11 2270P | 62mih | 25° AD,F,H,I
Barrier
4-12 100008 56 mi/h 15° A,D,G

MASH Tests 4-10 and 4-11 evaluate a barrier’s ability to successfully contain and redirect
passenger vehicles and evaluate occupant risk. MASH Test 4-12 evaluates the structural
adequacy of the bridge rail. All three tests were performed on the bridge rail.

The target critical impact point (CIP) for each test was determined in accordance with the
guidance provided in MASH Section 2.3.2 and MASH Table 2-7. For MASH Test 4-10, the target
CIP was 3.6 ft upstream of the centerline of post 13. The target CIP for MASH Test 4-11 was
4.3 ft upstream of the centerline of post 9. For MASH 4-12, the target CIP was 5.0 ft upstream of
the centerline of post 5.

The crash tests and data analysis procedures were in accordance with guidelines
presented in MASH. Chapter 4 presents brief descriptions of these procedures.

3.2. EVALUATION CRITERIA

The appropriate safety evaluation criteria from MASH Table 2-2 and MASH Table 5-1
were used to evaluate the crash tests reported herein. The test conditions and evaluation criteria
required for MASH TL-4 tests are listed in Table 3.1, and the substance of the evaluation criteria
in Table 3.2. An evaluation of the crash test results is presented in detail under the section
Assessment of Test Results.
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Table 3.2. Evaluation Criteria Required for MASH TL-4 for Longitudinal Barriers.

Evaluation : S Test
Factons Evaluation Criteria Ieifenation
Test article should contain and redirect the vehicle or bring the
Structural vehicle to a controlled stop; the vehicle should not penetrate, 4-10, 4-11,
Adequacy underride, or override the installation although controlled lateral 4-12
deflection of the test article is acceptable.
Detached elements, fragments, or other debris from the test article
should not penetrate or show potential for penetrating the occupant
compartment, or present undue hazard to other traffic, pedestrians,
or personnel in a work zone. 4-10, 4-11,
4-12
Deformations of, or intrusions into, the occupant compartment
should not exceed limits set forth in Section 5.2.2 and Appendix E
of MASH.
Occupant The vehicle should remain upright during and afier collision. The 410 4.11
Risk maximum roll and pitch angles are not to exceed 75 degrees. Bt i
1t is preferable, although not essential, that the vehicle remain 410
upright during and afier the collision. el
Occupant impact velocities (OIV) should satisfy the following
limits: Preferred value of 30 fi/s, or maximum allowable value of 4-10, 4-11
40 fi/s.
The occupant ridedown accelerations should satisfy the following: 410 411
Preferred value of 15.0 g, or maximum allowable value of 20.49 g. e
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Chapter 4. TEST CONDITIONS

4.1. TEST FACILITY

The full-scale crash test reported herein were performed at Texas A&M Transportation
Institute (TTI) Proving Ground, an International Standards Organization (ISO)/International
Electrotechnical Commission (IEC) 17025-accredited laboratory with American Association for
Laboratory Accreditation (A2LA) Mechanical Testing Certificate 2821.01. The full-scale crash
tests were performed according to TTI Proving Ground quality procedures, and according to the
MASH guidelines and standards.

The test facilities of the TTI Proving Ground are located on the Texas A&M University
System RELLIS Campus, which consists of a 2000-acre complex of research and training
facilities situated 10 miles northwest of the flagship campus of Texas A&M University. The
site, formerly a United States Army Air Corps base, has large expanses of concrete runways and
parking aprons well suited for experimental research and testing in the areas of vehicle
performance and handling, vehicle-roadway interaction, durability and efficacy of highway
pavements, and evaluation of roadside safety hardware and perimeter protective devices. The
site selected for construction and testing of the 2019 MASH 2-Tube Bridge Rail was along the
edge of an out-of-service apron. The apron consists of an unreinforced jointed-concrete
pavement in 12.5-ft x 15-ft blocks nominally 6 inches deep. The aprons were built in 1942, and
the joints have some displacement, but are otherwise flat and level.

4.2 VEHICLE TOW AND GUIDANCE SYSTEM

Each test vehicle was towed into the test installation using a steel cable guidance and
reverse tow system. A steel cable for guiding the test vehicle was tensioned along the path,
anchored at each end, and threaded through an attachment to the front wheel of the test vehicle.
An additional steel cable was connected to the test vehicle, passed around a pulley near the
impact point, through a pulley on the tow vehicle, and then anchored to the ground such that the
tow vehicle moved away from the test site. A 2:1 speed ratio between the test and tow vehicle
existed with this system. Just prior to impact with the installation, the test vehicle was released
and ran unrestrained. The vehicle remained freewheeling (i.e., no steering or braking inputs)
until it cleared the immediate area of the test site (no sooner than 2 s after impact), after which
the brakes were activated, if needed, to bring the test vehicle to a safe and controlled stop.

43 DATA ACQUISITION SYSTEMS

4.3.1 Vehicle Instrumentation and Data Processing

Each test vehicle was instrumented with a self-contained, on-board data acquisition
system. The signal conditioning and acquisition system is a 16-channel, Tiny Data Acquisition
System (TDAS) Pro produced by Diversified Technical Systems, Inc. The accelerometers, which
measure the x, y, and z axis of vehicle acceleration, are strain gauge type with linear millivolt
output proportional to acceleration. Angular rate sensors, measuring vehicle roll, pitch, and yaw
rates, are ultra-small, solid state units designed for crash test service. The TDAS Pro hardware
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and software conform to the latest SAE J211, Instrumentation for Impact Test. Each of the 16
channels is capable of providing precision amplification, scaling, and filtering based on
transducer specifications and calibrations. During the test, data are recorded from each channel at
a rate of 10,000 values per second with a resolution of one part in 65,536. Once data are
recorded, internal batteries back these up inside the unit should the primary battery cable be
severed. Initial contact of the pressure switch on the vehicle bumper provides a time zero mark as
well as initiates the recording process. After each test, the data are downloaded from the TDAS
Pro unit into a laptop computer at the test site. The Test Risk Assessment Program (TRAP)
software then processes the raw data to produce detailed reports of the test results.

Each of the TDAS Pro units is returned to the factory annually for complete recalibration
and all instrumentation used in the vehicle conforms to all specifications outlined by SAE
J211. All accelerometers are calibrated annually by means of an ENDEVCO® 2901, precision
primary vibration standard. This standard and its support instruments are checked annually and
receive a National Institute of Standards Technology (NIST) traceable calibration. The rate
transducers used in the data acquisition system receive a calibration via a Genisco Rate-of-Turmn
table. The subsystems of each data channel are also evaluated annually, using instruments with
current NIST traceability, and the results are factored into the accuracy of the total data channel,
per SAE J211. Calibrations and evaluations are also made any time data are suspect.
Acceleration data is measured with an expanded uncertainty of £1.7 percent at a confidence
factor of 95 percent (k=2).

TRAP uses the data from the TDAS Pro to compute occupant/compartment impact
velocities, time of occupant/compartment impact after vehicle impact, and the highest
10-millisecond (ms) average ridedown acceleration. TRAP calculates change in vehicle velocity
at the end of a given impulse period. In addition, maximum average accelerations over 50-ms
intervals in each of the three directions are computed. For reporting purposes, the data from the
vehicle-mounted accelerometers are filtered with SAE Class 180 low-pass filters, and
acceleration versus time curves for the longitudinal, lateral, and vertical directions are plotted
using TRAP.

TRAP uses the data from the yaw, pitch, and roll rate transducers to compute angular
displacement in degrees at 0.0001-s intervals, then plots yaw, pitch, and roll versus time. These
displacements are in reference to the vehicle-fixed coordinate system with the initial position and
orientation of the vehicle-fixed coordinate systems being initial impact. Rate of rotation data is
measured with an expanded uncertainty of £0.7 percent at a confidence factor of 95 percent
(k=2).

4.3.2 Anthropomorphic Dummy Instrumentation

An Alderson Research Laboratories Hybrid II, 50th percentile male anthropomorphic
dummy, restrained with lap and shoulder belts, was placed in the front seat on the impact side of
the 1100C vehicle. The dummy was not instrumented.

According to MASH, use of a dummy in the 2270P vehicle is optional. However, it is
recommended a dummy be used when testing “any longitudinal barrier with a height greater than
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or equal to 33 inches.” Use of the dummy in the 2270P vehicle is recommended for tall rails to
evaluate the “potential for an occupant to extend out of the vehicle and come into direct contact
with the test article.” Although this information is reported, it is not part of the impact
performance evaluation. Since the rail height of the 2019 MASH 2-Tube Bridge Rail was 38
inches, a dummy was placed in the front seat of the 2270P vehicle on the impact side and
restrained with lap and shoulder belts.

4.3.3 Photographic Instrumentation Data Processing

Photographic coverage of each test included three digital high-speed cameras:

e One overhead with a field of view perpendicular to the ground and directly over the
impact point;

e One placed behind the installation at an angle; and

o A third placed to have a field of view parallel to and aligned with the installation at
the downstream end.

A flashbulb on each impacting vehicle was activated by a pressure-sensitive tape switch
to indicate the instant of contact with the 2019 MASH 2-Tube Bridge Rail. The flashbulb was
visible from each camera. The video files from these digital high-speed cameras were analyzed
to observe phenomena occurring during the collision and to obtain time-event, displacement, and
angular data. A digital camera recorded and documented conditions of each test vehicle and the
installation before and after the test.
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Chapter 5. MASH TEST 4-12 (CRASH TEST NO. 608331-01-1A)

5.1  TEST DESIGNATION AND ACTUAL IMPACT CONDITIONS

MASH Test 4-12 involves a 100008 vehicle weighing 22,046 1b +660 Ib impacting the
CIP of the bridge rail at an impact speed of 56 mi/h £2.5 mi/h, and an angle of 15° +1.5°. The
target CIP for MASH Test 4-12 on the 2019 MASH 2-Tube Bridge Rail was 5.0 ft +1 ft upstream
of the centerline of post 5.

The 2011 International 4300 single-unit truck used in the test weighed 22,050 1b, and the
actual impact speed and angle were 57.4 mi/h and 15.5°, respectively. The actual impact point
was 4.6 ft upstream of the centerline of post 5. Minimum target impact severity (IS) was
142 kip-ft, and the actual IS was 173 kip-ft.

5.2 WEATHER CONDITIONS

The test was performed on the moming of December 10, 2018. Weather conditions at the
time of testing were as follows: wind speed: 4 mi‘h; wind direction: 290° (vehicle was traveling
in a northwesterly direction); temperature: 48°F; relative humidity: 75 percent.

5.3 TEST VEHICLE

Figures 5.1 and 5.2 show the 2011 International 4300 single-unit truck used for the crash
test. The vehicle’s test inertia weight was 22,050 Ib, and its gross static weight was 22,050 Ib.
The height to the lower edge of the vehicle bumper was 19.0 inches, and height to the upper edge
of the bumper was 34.0 inches. The height to the center of gravity of the vehicle’s ballast was
61.25 inches. Tables C.1 in Appendix C1 give additional dimensions and information on the
vehicle. The vehicle was directed into the installation using the cable reverse tow and guidance
system, and was released to be freewheeling and unrestrained just prior to impact.

A
]

Figure 5.1. 2019 MASH 2-Tube Bridge Rail/Test Vehicle Geometrics for Test No. 608331-01-
1A.
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Figure 5.2. Test Vehicle before Test No. 608331-01-1A.

54  TEST DESCRIPTION

The test vehicle was traveling at an impact speed of 57.4 mi/h when it contacted the 2019
MASH 2-Tube Bridge Rail 4.6 ft upstream of the centerline of post 5, at an impact angle of
15.5°. Table 5.1 lists events that occurred during Test No. 608331-01-1A. Figures C.1 and C.2
in Appendix C2 present sequential photographs during the test.

Table 5.1. Events during Test No. 608331-01-1A.

TIME (s) | EVENTS
0.0000 | Vehicle contacts bridge rail
0.0820 | Vehicle begins to redirect
0.1140 | Right front tire lifts from pavement
0.2450 | Back left side of vehicle contacts barrier
0.3030 | Vehicle is parallel with barrier
1.0310 | Right front tire contacts pavement
1.5470 | Vehicle loses contact with bridge rail (out of view of high-speed camera)

For longitudinal barriers, it is desirable that the vehicle redirects and exits the barrier
within the exit box criteria (not less than 65.6 ft downstream from loss of contact for the 10000S
vehicle). The test vehicle exited within the exit box criteria defined in MASH. After loss of
contact with the barrier, the vehicle came to rest 232 ft downstream of the impact and 7 ft toward
the field side of the installation.

5.5 DAMAGE TO TEST INSTALLATION

Figures 5.3 and 5.4 show the damage to the 2019 MASH 2-Tube Bridge Rail. The traffic
face of the bridge rail was scuffed with tire marks, and the lower rail element was gouged in the
impact area. The curb was cracked on the downstream side of post 5 and just upstream of post 5
(see Figure 5.4). Working width was 56.7 inches at a height of 136.8 inches. Maximum
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dynamic deflection during the test was 3.0 inches, and maximum permanent deformation was
2.0 inches.

Figure 5.3. Overall Damage to Alaska Bridge Rail after Test No. 608331-01-1A.
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Figure 5.4. Impact Area after Test No. 608331-01-1A.

5.6 VEHICLE DAMAGE

Figure 5.5 shows the damage sustained by the vehicle. The front bumper, hood, left front
tire and rim, left front U-bolts, left battery box, left side steps, left door, left rear cab comer,
lower edge of box, and left rear outer tire and rim were damaged. Maximum exterior crush to
the vehicle was 12.0 inches in the front plane at the left front comer at bumper height.

Maximum occupant compartment deformation was 5.5 inches in the left front comer of the floor
pan. Figure 5.6 shows the interior of the vehicle.
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Figure 5.6. Interior of Test Vehicle after Test No. 608331-01-1A.

5.7 OCCUPANT RISK FACTORS

Occupant risk factors are not required for the test with the 100008 vehicle. Data from
the accelerometers, located at the vehicles longitudinal center of gravity, were digitized for
information purposes only and results are shown in Table 5.2. Figure 5.7 summarizes these
data and other pertinent information from the test. Figure C.3 in Appendix C3 shows the
vehicle angular displacements, and Figures C.4 through C.9 in Appendix C4 show
accelerations versus time traces.
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Table 5.2. Occupant Risk Factors for Test No. 608331-01-1A.

Occupant Risk Factor Value Time
Occupant Impact Velocity (OIV)
Longlilac:zzi (15‘22.1ftf/ts/s at 0.2057 s on left side of interior
Occupant Ridedown Accelerations
Longitudinal |3.0 g 0.4539-0.4639 s
Lateral |68 g 0.2695-0.2795 s
. . 15.4 km/h . L
Theoretical Head Impact Velocity (THIV) 43 m/s at 0.1995 s on left side of interior
Post Head Deceleration (PHD) [6.9¢g 0.2695-0.2795 s
Acceleration Severity Index (ASI) | 0.43 0.1106 - 0.1606 s
Maximum 50-ms Moving Average
Longitudinal |-1.6g 0.0405 - 0.0905 s
Lateral |4.2¢g 0.2850-0.3350 s
Vertical |4.1g 0.2966 - 0.3466 5
Maximum Roll, Pitch, and Yaw Angles
Roll |19° 0.4970 s
Pitch |9° 2.0000 s
Yaw [19° 0.5056 s

TR No. 608331-1A-2-3 18 2019-04-02



‘[Iey 3pLig 3qn -7 HSVIN 610T U0 71

-F 1S9, HSF 10] S)nsay Jo Axgwiwng °/°G 1081

e SRy

D_ OWO-NN .............................. >EE3O
wm:o_:__ m.m ........................... CO—HNELO%WD m —‘vl ............................ _wo_tw\/ >EE—JU oz ........................ mm_tmc_ H,Ww.w.
#CmEthEoo HCMQ—JQOO uﬂmE m Nﬂ Sreenrrrreiarenrarsiieranens _m\_og.mlm ﬁ= DWOHNN ................................... QL_)_O
WN 71300 Bygli- eulpn}iBuoT 91000y [SPON pue ey
sayaul QgL TTTuoneulole Jousxg Xepy abelsAy s-050°0 Xep 00y leuoneuwlsju] | Loz T uoneubisaq/edA)
M R o i ST o e e Sy SO0001 aJ2IU9A 1551
WN - S — SOA T —— aHd
abeweq 3jaIysA ) AIHL dweq “osg " uopipuod pue adA| jiog
Seyoul g9l T UipIM Buitiom 4o yBiey Bgg e UMODSPIY [esaje  afipug Sjeloucg paoiojuisy o pajieisu]
SolaLll ligy s trrityemy YIpIAn Buppop Bog c._so_um_u_m |euipnpBuo] ¢4n2 8)2J0U02 0 pajunow
sayour gig T JuaUELLUY SA LTy “UAIO [elSET pue siBlay Jlel Youl-ge pUB Youl-pZ Yum
SOLOUN 10 s R A olweuAQq spear * AlO [euipniiBuoT] Y 0| e peoeds s)s04 [99)S pajeolige
Suolo3jjag Iy Jsal sanjeA ysiy Juednaa Uo sjuswalg jley leingny [98]1g om| T sjuaws|3 ASy 1o |elsiep
ON e Bunesiood a1y 3|qRuIBqO JON UpgL pbusT uonejjelsuy|
ON T BuiBbeug spoiya 3|qeulRlqo JON ey 8BpUg 8N~ HSVYIN 107 suieN
6L 7T BjBuY |0y winwixep suonipuoy 1x3 ey BBpug adAL
o6 " BIBUY Yol WinuiXep gy gz ) Auanes yoedw) Aoy 153l
6L " 3lBuy meA Wnwixep G ysod Ok-zh-gLog T e isal
Aungers epaA jowesnsdny gy V1i-LO-LEEgOg ON1S3L |LL
3pIs plal pm Y L SGl Zh-p1s81 HSYIN ' 'ON 1831 pJepue)g isa )
WERASUMOP Y ZEg souessiq Buiddog U y°Lg (1LL) sanusu| uoepodsuel] gy sexe ) e AousBy 1531
, fiojosles] joedw-jsod uojjew.oju| jeiauas
1504 USED e X 51 WEMDIEH &
¥y uoneg
¥ f
'
, 1
$ 0010

.i\.r\, e \.1.:( q&\ ’44
.. . -l[l.l;

2019-04-02

18

TR No. 608331-1A-2-3






Chapter 6. MASH TEST 4-11 (CRASH TEST NO. 608331-01-2)

6.1 TEST DESIGNATION AND ACTUAL IMPACT CONDITIONS

MASH Test 4-11 involves a 2270P vehicle weighing 5000 1b £110 Ib impacting the CIP
of the bridge rail at an impact speed of 62 mi/h £2.5 mi/h and an angle of 25° +1.5°. The target
CIP for MASH Test 4-11 on the 2019 MASH 2-Tube Bridge Rail was 4.3 +1 ft upstream of the
centerline of post 9.

The 2012 RAM 1500 pickup truck used in the test weighed 5019 Ib, and the actual
impact speed and angle were 62.9 mi/h and 24.9°, respectively. The actual impact point was
4.2 ft upstream of the centerline of post 9. Minimum target IS was 106 kip-ft, and the actual IS
was 118 kip-ft.

6.2 WEATHER CONDITIONS

The test was performed on the morning of December 12, 2018. Weather conditions at the
time of testing were as follows: wind speed: 9 mi/h; wind direction: 165° (vehicle was traveling
in a northwesterly direction); temperature: 61°F; relative humidity: 87 percent.

6.3 TEST VEHICLE

Figures 6.1 and 6.2 show the 2012 RAM 1500 pickup truck used for the crash test. The
vehicle’s test inertia weight was 5019 Ib, and its gross static weight was 5184 Ib. The height to
the lower edge of the vehicle bumper was 11.75 inches, and height to the upper edge of the
bumper was 27.0 inches. The height to the vehicle’s center of gravity was 29.0 inches.

Tables D.1 and D.2 in Appendix D1 give additional dimensions and information on the vehicle.
The vehicle was directed into the installation using the cable reverse tow and guidance system,
and was released to be freewheeling and unrestrained just prior to impact.

¥

fa” 11 Y0y e b -y

Figure 6.1. 2019 MASH 2-Tube Bridge Rail/Test Vehicle Geometrics for Test No. 608331-01-
gt
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Figure 6.2. Test Vehicle before Test No. 608331-01-2.

6.4 TEST DESCRIPTION

The test vehicle was traveling at an impact speed of 62.9 mi/h when it contacted the 2019
MASH 2-Tube Bridge Rail 4.2 ft upstream of the centerline of post 9 at an impact angle of 24.9°.
Table 6.1 lists events that occurred during Test No. 608331-01-2. Figures D.1 and D.2 in
Appendix D2 present sequential photographs during the test.

Table 6.1. Events during Test No. 608331-01-2.

TIME (s) | EVENTS
0.0000 | Vehicle contacts barrier
0.0180 | Lower metal rail element begins to deflect
0.0210 | Upper metal rail element begins to deflect
0.0220 | Vehicle begins to redirect
0.0290 | Crack forms on downstream side of post 9 radiating from front bolt
0.0340 | Bumper reaches post 9
0.0350 | Crack forms on downstream side of post 9 radiating from rear bolt
0.0370 | Crack forms on upstream side of post 9 radiating from rear bolt
0.0650 | Crack forms on upstream side of post 8 radiating from front bolt
0.1670 | Vehicle parallel with bridge rail
0.1720 | Rear of vehicle contacts bridge rail

0.2800 | Vehicle loses contact with bridge rail while traveling at 52.9 mi/h and
exit trajectory/heading of 8.7°/6.5°

For longitudinal barriers, it is desirable that the vehicle redirects and exits the barrier
within the exit box criteria (not less than 32.8 ft downstream from loss of contact for cars and
pickups). The test vehicle exited within the exit box criteria defined in MASH. After loss of
contact with the barrier, the vehicle came to rest 230 ft downstream of the impact with the nose
of the vehicle in line with the traffic face of the bridge rail.
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6.5 DAMAGE TO TEST INSTALLATION

Figures 6.3 and 6.4 show the damage to the 2019 MASH 2-Tube Bridge Rail. The metal
rail elements were scuffed with tire marks and cosmetic damage. The concrete around the curb
at post 8 was cracked. The concrete around post 9 was cracked and spalled off, revealing the
rebar on the field side of the curb and on the underside of the deck. Working width was
20.2 inches at the top of post 9. Maximum dynamic deflection during the test was 7.1 inches,
and maximum permanent deformation was 2.0 inches.

Figure 6.3. 2019 MASH 2-Tube Bridge Rail after Test No. 608331-01-2.
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Figure 6.4. Damage at Post 9 after Test No. 608331-01-2.

6.6 VEHICLE DAMAGE

Figure 6.5 shows the damage sustained by the vehicle. The front bumper, hood, grill, left
tire and rim, left upper and lower A-arms, left upper and lower ball joints, left tie rod end, left
front fender, left front and rear doors, left rear cab corner, left rear exterior bed, left rear rim, rear
bumper, and tailgate were damaged. The windshield sustained stress cracks radiating up and out
from the left lower corner. Maximum exterior crush to the vehicle was 11.0 inches in the side
plane at the left front corner at bumper height. Maximum occupant compartment deformation
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was 0.5 inch in the left front firewall area. Figure 6.6 shows the interior of the vehicle. Tables
D.3 and D.4 in Appendix D1 provide exterior crush and occupant compartment measurements.

i, */

Figure 6.6. Interior of Test Vehicle for Test No. 608331-01-2.

6.7 OCCUPANT RISK FACTORS

Data from the accelerometer, located at the vehicle center of gravity, were digitized for
evaluation of occupant risk and results are shown in Table 6.2. Figure 6.7 summarizes these
data and other pertinent information from the test. Figure D.3 in Appendix D3 shows the
vehicle angular displacements, and Figures D.4 through D.9 in Appendix D4 show
accelerations versus time traces.
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Table 6.2. Occupant Risk Factors for Test No. 608331-01-2.

Occupant Risk Factor Value Time
o1v
L"ngliua‘:gi ;g; g; * |at0.0957 s onleft side of interior
Occupant Ridedown Accelerations
Longitudinal |82 ¢ 0.1173-0.1273 s
Lateral |13.6¢g 0.2099 - 0.2199 s
THIV [ 3TSKMR 1 o0.0033 5 on et side of interior
PHD [13.6¢g 0.2099-0.2199 s
AST 221 0.0626 - 0.1126 s
Maximum 50-ms Moving Average
Longitudinal |-7.9¢g 0.0276-0.0776 s
Lateral [17.0g 0.0421 - 0.0921 s
Vertical [3.7g 0.0815-0.1315s
Maximum Roll, Pitch, and Yaw Angles
Roll |5° 03752s
Pitch |3° 0.4918s
Yaw |33° 0.4177s
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Chapter 7. MASH TEST 4-10 (CRASH TEST NO. 608331-01-3)

7.1  TEST DESIGNATION AND ACTUAL IMPACT CONDITIONS

MASH Test 4-10 involves an 1100C vehicle weighing 2420 1b +55 Ib impacting the CIP
of the 2019 MASH 2-Tube Bridge Rail at an impact speed of 62 mi/h 2.5 mi/h and an angle of
25°+1.5°. The target CIP for MASH Test 4-10 on the 2019 MASH 2-Tube Bridge Rail was
3.6 ft +1 ft upstream of the centerline of post 13.

The 2010 Kia Rio" used in the test weighed 2454 Ib, and the actual impact speed and
angle were 62.5 mi/h and 25.3°, respectively. The actual impact point was 3.5 ft upstream of the
centerline of post 13. Minimum target IS was 51 kip-ft, and the actual IS was 58 kip-ft.

7.2  WEATHER CONDITIONS

The test was performed on the moming of December 14, 2018. Weather conditions at the
time of testing were as follows: wind speed: 13 mi/h; wind direction: 309 degrees (vehicle was
traveling in a northwesterly direction); temperature: 46°F; relative humidity: 86 percent.

7.3  TEST VEHICLE

Figures 7.1 and 7.2 show the 2010 Kia Rio used for the crash test. The vehicle’s test
inertia weight was 2454 Ib, and its gross static weight was 2619 1b. The height to the lower edge
of the vehicle bumper was 7.75 inches, and height to the upper edge of the bumper was
21.5 inches. Table E.1 in Appendix El gives additional dimensions and information on the
vehicle. The vehicle was directed into the installation using the cable reverse tow and guidance
system, and was released to be freewheeling and unrestrained just prior to impact.

Figure 7.1. 2019 MASH 2-Tube Bridge Rail/Test Vehicle Geometrics for Test No. 608331-01-
3. '

" The 2010 model vehicle used is older than the 6-year age noted in M4SH, and was selected based upon
availability. An older model vehicle is permitted by AASHTO as long as it is otherwise MASH compliant. Other
than the vehicle’s year model, this 2010 mode! vehicle met the M4SH requirements.
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Figure 7.2. Test Vehicle before Test No. 608331-01-3.

74  TEST DESCRIPTION

The test vehicle was traveling at an impact speed of 62.5 mi/h when it contacted the 2019
MASH 2-Tube Bridge Rail 3.5 ft upstream of the centerline of post 13 at an impact angle of
25.3° Table 7.1 lists events that occurred during Test No. 608331-01-3. Figures E.1 and E.2 in
Appendix E2 present sequential photographs during the test.

Table 7.1. Events during Test No. 608331-01-3.

TIME (s) | EVENTS

0.0000 | Vehicle impacts bridge rail

0.0160 | Metal rail element begins to deflect

0.0240 | Vehicle begins to redirect

0.0280 | Bumper reaches post 13

0.0840 | Dummy's head shatters left front door glass

0.1180 | Dummy's head at max extension out of vehicle, but no contact with rail

0.2190 | Vehicle parallel with bridge rail

0.2350 | Rear of vehicle contacts bridge rail

0.3130 | Vehicle loses contact with bridge rail while traveling at 45.3 mi/h and
exit trajectory/heading of 4.8°/6.0°

For longitudinal barriers, it is desirable that the vehicle redirects and exits the barrier
within the exit box criteria (not less than 32.8 ft downstream from loss of contact for cars and
pickups). The test vehicle exited within the exit box criteria defined in MASH. After loss of
contact with the barrier, the vehicle came to rest 140 ft downstream of the impact and 11 ft
toward the field side.

7.5 DAMAGE TO TEST INSTALLATION

Figure 7.3 and 7.4 show the damage to the 2019 MASH 2-Tube Bridge Rail. The metal
rail elements were scuffed with tire marks and cosmetic damage. The concrete around the base
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of post 13 was broken through the curb on both sides of the post and extended to the bottom of
the deck. Working width was 8.5 inches at a height of 44 3 inches. Maximum dynamic
deflection during the test was 2.8 inches, and maximum permanent deformation was 1.0 inch.

Figure 7.3. 2019 MASH 2-Tube Bridge Rail after Test No. 608331-01-3.
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Figure 7.4. Damage at Post 13 after Test No. 608331-01-3.

7.6 VEHICLE DAMAGE

Figure 7.5 shows the damage sustained by the vehicle. The front bumper, hood, radiator
and support, left front fender, left front tire and rim, left front strut and tower, left A-post, roof,
left front door and window glass, left rear door, left rear quarter panel, and rear bumper were
damaged. The windshield sustained stress cracks radiating upward and outward from the left
lower corner. Maximum exterior crush to the vehicle was 11.0 inches in the side plane at the left
front corner at bumper height. Maximum occupant compartment deformation was 4.0 inches in
the left front firewall area. Figure 7.6 shows the interior of the vehicle. Tables E.2 and E.3 in
Appendix E1 provide exterior crush and occupant compartment measurements.
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Figure 7.6. Interior of Test Vehicle for Test No. 608331-01-3.

7.7  OCCUPANT RISK FACTORS

Data from the accelerometer, located at the vehicle center of gravity, were digitized for
evaluation of occupant risk and results are shown in Table 7.2. Figure 7.7 summarizes these
data and other pertinent information from the test. Figure E.3 in Appendix E3 shows the
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vehicle angular displacements, and Figures E.4 through E.9 in Appendix E4 show
accelerations versus time traces.

Table 7.2. Occupant Risk Factors for Test No. 608331-01-3.

Occupant Risk Factor Value Time
o1V
Long“gﬁzzi gg; ig > [at0.0741 s on left side of interior
Occupant Ridedown Accelerations
Longitudinal |153 g 0.1513=0.1613 s
Lateral 163g 0.1556 - 0.1656 s
Ty 469k 0.0723 5 on lef sids of interior
13.0 m/s
PHD [164¢g 0.1512-0.1612 s
ASI |2.65 0.0459 - 0.0959 s
Maximum 50-ms Moving Average
Longitudinal |{-17.3 g 0.0256 - 0.0756 s
Lateral |[184¢g 0.0166 - 0.0666 s
Vertical |-3.3g 0.0244 - 0.0744 s
Maximum Roll, Pitch, and Yaw Angles
Roll |[5° 0.5011s
Pitch |5° 0.3087 s
Yaw |34° 0.4335s
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Chapter 8. SUMMARY AND CONCLUSIONS

8.1 ASSESSMENT OF TEST RESULTS

The crash tests reported herein were performed in accordance with MASH TL4, which
involves three tests on the 2019 MASH 2-Tube Bridge Rail. An assessment of each test based
on the applicable safety evaluation criteria for MASH TL-4 for longitudinal barriers is provided
in Tables 8.1 through 8.3.

8.2 CONCLUSIONS

The 2019 MASH 2-Tube Bridge Rail performed acceptably for MASH TL-4 longitudinal
barriers, as shown in Table 8.4.
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Table 8.4. Assessment Summary for MASH TL-4 Tests
on 2019 MASH 2-Tube Bridge Rail.

Evaluation Evaluation Test No. Test No. Test No.
Factors Criteria 608331-01-3 608331-01-2 608331-01-1A
Structural
Adequacy & 8 8 5
D S S S
F S S N/A
Occupant
Risk G N/A N/A S
H S S N/A
I S S N/A
Test N MASH Test MASH Test MASH Test
R A 4-10 4-11 4-12
Pass/Fail Pass Pass Pass
S = Satisfactory
U = Unsatisfactory
N/A = Not Applicable
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APPENDIX A. DETAILS OF THE 2019 MASH 2-TUBE BRIDGE RAIL
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APPENDIX B. SUPPORTING CERTIFICATION DOCUMENTS

P.0. BOX 2569
WAXAHACHIE, TX 75168-2569
(972)937-9841  FAX (972)937-3995

ELLIS-MCGINNIS CONSTRUCTION CO. Sind#: 1823300820
3100 STATE HWY 47, BLDG 7081 Load: A
BRYAN, TX 77807 Project: TX A&M TRANSPORTATION

ALASKA "TEST" BRIDGE
Control: 608331
County: BRAZOS

Gentlemen:

This is to certify that all reinforcing steel for the above project has been coated in accordance with the
TXDOT specifications item 440 and resin manufacturer's recommended specifications requirements.

Representative samples of the coated bars have been tested and the test results conform to the
specification requirements.

We further cerlify Nap Gard 7-2718 or LILLY/VALSPAR 720A008, Scotchkote 413 Fusion Bonded Epoxy
Powder from lot{s): 8496027182 was used
to coat reinforcing steel from heats listed below.

All bar is grade {(420) 60 unless otherwise noted:

Bar Size Waighi Heat #'s Milt.....

Melric Imperial Melric imperial {other than CMC)
{10} 3 0

(13) 4 1,080 | 2,404 6001205

('16) 5 1,685 3.494 3080435

(18) 8 0

(22) 7 0

(25) 8 0

(28) 9 0

(32) 10 0

{36} 11 0

t#l. MG's:{ 2,675
ttl, LB's: 5,888 [

The steel listed was manufactured by CMC Steel, unless otherwise stated above under Mill and shipped

on Load A . We further certify that all manufacturing processes have occurred in the United
States of America. /
P S
ST e

SUBSCRIBED AND SWORN TO BEFORE ME, a Nota{‘&: Public in and for said County and State,
onthisthe 28TH day of June (201 8.

il o) m e

~ “Notary PubthEIlrs Co., Texas ) e
Gabriela Villegas

Contracted Manufacturer of ERICO Lenton Form Saver @Rsa

TR No. 608331-1A-2-3 33 2019-04-02



L 40 b oBed

90'92:01 BL02HZILO

F SHMUVIALL
0Lf SE9HAD EE JO SpusWambal  eauaury Ang. aY) Siaop, NIg 1 3s9) b eBeg voyebuo|g
jenve Ayenb jued ay jo %Ll 1 1523 uoneBuorg
UDJSIaA JSB)E] BY) YjIM AIUEFINIIR U] DRITIBINUBH, edINELE (amaw) | y3Buansg ajisua)
UDYeUIENLID AINuay Ol SUIEjUDD, ISYO LPL 1 3591 3Buays onisua ]
tuedal pram ou styeluag), ediNeag  M1awy) L 153 yibuang prais
(weydwoa [°E O0ZPOZ0LNT, IsyL'szl 1 3593 Yyibuang plalA
VSN 2} Ul payiu pue pajaus %001, %8p 0 gy b3 uoquen
Py Ay 51 {eLsIEN. %1Z10°0 N
THLW Si A9 pajuosaidas [rpajew oy jo ang B Bupmojiog ay L %EZ00°0 v
%6000 ug
%S00°0 i
%620°0 Ol
%EL0 N
%ZL0 42
%L'8 uopeBuolg wuopun %92°0 no
NIZ0L'0 deg "xejy uojjeuO)a Ieqay FAYA s
Ni6Z0'0  uBsH 'BAY uvopRUwlInjaq sBqay %00 s
NIgge0  1oeds "Bay uopewloleg seqay %LL00 d
pessed I 353l pusg %L6°0 U
NIOSL' ) d8j2Wel(] isa), puag %9Z0 2
aneA ansyaaeiEy) anjep apspajaeEy9 anjep  onsusRIBYD
0 o
V3 8401 ‘1¥3H/ S2d A¥ATIA LWBE LEB CLE | L IP86-LEGTLE | L S8ErsNgio0 / ¥2LSLPE8 (ON Ma )
871 000'V0ZEY - LYIH / SE1 AYANG 0ZLe-5915L SN 0ZL£-59151 SN 810Z/EL/80 :31YA 113 ¥
‘Nid 1S9 X1 slyoeyexeps | o X4 3IHOVHYXVYM | G 8L02/ELI80 :2Lva 0 Y
#Q0d 1SN2 is iPHUed G| | 133MLS TIFHINYD 106 | T 09/02y 19D 91-5L9Y WISV :3AVvy D
0BE0ZEZL #1049 H (o] 09/02F 0,09 () WNEL HYEIY ‘NOILD3 S
P2L8Lyes #AIeAleg aiyseyexep sbugeo) DD | S JIHOVHYXYM ONILYVOD JIND | S

SOZ100970ON LV3H

1aBeuely asurinssy Hyenp

_mmum I3 —J8zjas ggaer

W P

uonesyzads apesl payodas sy} 03 WIOJUCD PUE 3]BINDIE a1k

{122 sa1do2 jeuonippe 104

a1al pajussaid synsad 158} 8yl Jey) Ajpan Aqasay ap

1¥0d3Y 1831 TN a3t41L430

0000-1047L MO Jueing

02 AermyBiy pIO pES .—ﬂﬂ“__ /]
VINOHV MO T1331S DD s

2019-04-02

54

TR No. 608331-1A-2-3



L 40 | 2fed
8581301 BLOZ/VEILO

2 SMHVYIWE
01F SE9YHD 2 40 Sluowosnbss sty ANg, ay) §198M.
[enuew Ayant jueid syj jo passed 1188] pusg
UOISIaA [S81E] 8Y] LM BIUEDIBIIE W PRIMIDEINUEN, NigBLZ Jajaweq i}sel pusg
USYBLILEIUDD Ain2ieyy OU SUIEIOD), Mg 1 3591 3B abeg uopebuo|z
yedal pjom ou SUlELOD, %9} | 353} uonjebuoiz
wedhuod | °F $00ZF0201NT. IsNbe0L . 13se) wybuang slisuay
Y5 8Y] ul Pojjo2 pue pa)jBlY $600L. 184649 1 3833 yibusng pppIA
peyn| Ay St jELBjEW. %Z00°0 Iv
tH1W sy Ag pojuasasdel 2pejew eyl jo andy 5] Bujmoljog ogy %00 ug
%000 qo
%000°0 A
%6L0°0 Ol
%LL0 IN
%910 10
%LE0 no
%810 IS
%ES00 s
%EL0'0 d
%SL0 UN
%Zt'0 3
an|ea IRSUBDBIBYD anieA ansitajoriey) anjep  JNsIRBIORIEYD
o (o]
VA 0Z1:1Yv3H/S0d AHATA 1PBE LEBTLE | L LPB6-LE6-TL6 § L ZO0VSEYOB0 / LZ85IPE8 TON "Hal
87 00070805 “LYdH / S8 AYATA 0ZLE-68LEL SN 0Z1e-6918L SN 8L0ZIPZ/S0 *FALVa L13W
*NI/d ASND X1 siyoeyexepp | 4 X1 JHOVHYXYM | 4 /10Z/9Z/50 :31vA 1702
H#0d 15n2 IS ieHUE] 106 133HIS TTIHANYD 106 | 11 09/0Z¢ 19 91-G19Y¥ WISY ‘3avHT
6E50ZSTL #1089 H (o] 09/02% ,0,09 (S#) WYL YvaaY :NOILD IS
128G E8 HAdaniaq 2jyoeyexeps sBURBCD JWD | S FHIYHYXVAM ©NILYOD OWD | S SEPOBOEON LY3t
JeBeuey asueinssy Lienp
1LIM3IH ANWOL
S m;.\m\ . ) [(owa U
\ e L248-C21E-0E8 0182-8G18L XL NIND3S \Ilmmw
1i22 saldoo jeuoliippe Jo4 AAMA TN I33LS L ﬁﬂﬂﬁm
uopeayisads apeib pepodal ayj 6} WLQUDD PUE 3jRINJJE 31E 1HO0dad LS3L THIN a341Ld30 SVX31 13315 WD AL

alay pajuasaad sjjnsad 3sa) ay) jely) AleD Agalay ap

2019-04-02

55

TR No. 608331-1A-2-3



CERTIFICATION of COMPLIANCE

Dgier 5/0/201 &

Specification: ASTM A775, ASTM AL078, AASHTO MM284, AASHTO M254
Velepar Froduct Coder 720A009 (Epowy Powder for Costing)
Eatch Number: 8496027182

C
Producticn Dafe: 5/8/2018 (Expiration is 6 months post prodoction date)
eleh Size: 19,500 Ibs

W

1 hereby cedify tint the sbove Joi of meteifal wee menufactured o formuletion, meeling all ihe

requirements of the above specificalions and that this materisl is chemically the same meleriz] thet was

fesied by Vellev Forge Leboratories of Devan, TA. or Wiss, Janney, Elsiner 4ssccizles of Morihlreols, 1L
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QMITY ETEET.- KEI:TED & MDFACTG'RED IN THE U. 8. A.
P'I;TATES ~ AASHTO HE'TO‘-lS GR 50 KLD FINE GRAIN s/ 10 7 201 SFI-GRAY STEEL
4 . PRAC HO IMPACTS :EEQUTLRED 'EIPE By Custamer Name:
o ASTH AT0S- 134\ ‘GR 50. ASTM A572-06 Custemsr PO #:
| GR 50, ASME 835'72 GrR 50 2013 Thigkness: i SHPC & yom7t
E: b L s -‘EDITIOH Heat 2 slob: 174P79150
W] MFST - MPFST HILL sggm# & PATTERNE WFST PROC ON P o oy
=t GEA20-I183A LIFT MAX 15 TON-8IZES & GRADES SEP -
5l URLDG FORK LIFT-SIDE FOR ULTIMATE DELIVERY
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Hamasco

; 07-26-2018 67:01 Load - 3104025
Texas Gorrugators, lnc

- i Cust. PO - M-9185

BL - 3847189
Heat - 2801948

Order-Line - 16350482 /8

BLRA466

L,

HEORFBRAY

3525 Richard Arringion, Jr., Bivd, M.

e e Toe Bininghan, Abarta 55294

R Lab Fag (205} 42146561

3 MLISODIEY uopiey Lab@SouthianaTube.com

TEST REPORT

Custemer PO Np.: 7257246

Customer Narme: KLOECKNER METALS CORPORATION

Customer Part No: TE412RECTA5000576

Spec/Grade:  A500-13 Grade B/G Heat No.: 2801948
Desoription:  CARBON STEEL TUBING Print Date: 3/27/2018
Sizeflength: 6" X4° X 1/2° 48 Nomlna! Thickness:  0.500
Carbon (G): 0.2200 Tin (Sn): 0.0030 Vanadium {V): 0.0050
Manganese (Mn):  0.8200 htickel (Ni): 0.0300 Golumbium {Ch): 0.0000
Phosphorus {P): 0.0070 Chromium {Cr): 0.6300 Titanium (Ti): {.0010
Sulphur (S)! D.0020 Molybrenum (Mo):  0.0100 Baron (B): 0.0600

; Silicon (Si): 0.0200 Aluminum {Al); 0.0240 Caiclum (Ca): 0.0020

: Copper (Cu): 0.1000 Nitrogen (N): 0.0050 Carbor Equiv. (CE):  0.3743

SLE1204 912018

£8,700 36.63

Ron Lowery
e )
L ‘"-3':”"‘
G st

Lahoratory Manader
Southland Tubg Incorporated

We hereby certify that the above figures are correct as contained in the records of this Gompany.
Testing, where it is performied, is performed accarding to applicable standards (Yield Strength
determined uelng 0,2% offset rethod and Elengation is measwured over a 2" gauge length),
Finished goods that require destructive testing by either ftattening or flaring to meet the
requirements of the standard to which they are cerilfied have been dastructively tested in
accordance with the pertinent standard. Further, this certification is campliant with the
EN10204:2004 Standard for Type 3.1 inspection Doctiments.

Melted & Manuiacturad in the U.S.A.

STI Pickup No.: 03LB266

TR No. 608331-1A-2-3

STI Order No.: 00462830 ST1 Hemt No.: 4.0X6.050048
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Hamasco

| certify that the atiove resuits are & tnie and carrest copy of recorda prepared end maintalnen! by Indeperdence Tube
Corperation, Sworn this day, 8/2/2018

WE PROUDLY MANUFACTURE ALL OUR PROBUCT IN THE USA,
INDEPENDENCE TUBE PRODUGT 1S MANUFAGTURED, TESTED,
AND INSPECTED IN ACCORDANCE WITH ASTM STANDARDS,
MATERIAL IDENTIFIED AS AS00 GRADE B(C) MEETS BOTH
ASTM A500 GRADE B AND AS00 GRADE C BPECIFICATIONS,

CURRENT STANDARDS: Chrls Allen, ASQ CMQ/CE
Azsz.1p Quaiity Systema Superviaor
AS00/AS00M-18

AS13/AB13M-15

ASTM ASHABIM-12 | ASME SA-BIISA-53M-13

ABSTIABATI-14

A1D85/ATDE5M-16

Page -1

TR No. 608331-1A-2-3 68 2019-04-02

08-09-2018 000 | Load - 3114657 BL- 3847977 BLR466
Texas Gorrugators, Inc . Heat. CB6TV3
Cust. PO - M-3195 Order-Line - 16359482 / 4
8225 W. 74h S weard, g
lndEPendence Tube B oy W rdependeng;e:uge com
a Rgear Company 7084850280 = licitbe.com
Eox 708-5631950 Certificate Mumbsr: CHI 839718
Sold By: Purchasa Ordar No: 7287731
INDEPENDENCE TUBE CORPORATION Sales Order Mo CH 285183 - 1
8226 W. 74th St. 8l of Lading No: CH) 170642 - 2 Shigped: 8/3/2018
Chicage, L B0538 Invaice No: a Invoicad:
Tel: 70B-488-0380 ’ :
Fax: 708-563-1950 ]
Sold To: : Shin To:
1187 « KLOECKNER METALS CORP- HO/BU 2+ KLOECKMER METALS CORP BUDA
500 COLONIAL PARKWAY 2560 SQUTHLOOF 4
SUITE 500 BUDA, TX 78561Q
ROSWELL, GA 30075
CERTIFICATE of ANALYSIS and TESTS Certificata No: CHI 836719
Customer Pant No: : : Test Date: 8/2/2018
TUBING A500 GRADE B(C) . . Total Figees  Totdl Welght
THAE XKy A ' 18 9,234
Bundle Tag Mill Heat Specs. Y/T Ratio Pleces Vieight
23155 18K CBsTIa Y1LD=G4531/TEN=B3R26/ELG=32.79 0,9445 7 4,040
23154 18N C86773 Y1L.D=64551/TEN=L832C/ELG=32.79 0.9445 9 5,194
Mill #: 130 Heay % 086778 Carbon Eq; 0.1625 Heat Sre Origin: MELTED AND MANUFACTURED IN THE USA
[[C 7w [ F 1 8 [ & [ A [ Gu [ C [ o | Vv [ & I No 1 Bn |
{ 0.08C0 | 04700 | D.008C [ 0.0020 [ 0.0300 | 8.031C | 0.1262 | 0.0BGO | 0.0200 | 0.0C74 | 0.0800 | 0.0140 § 0.0050 |
BT B T T [ Ga |
| U.G083 | 00007 [ 6.0020 [ 00022 | ,
LEED Information {based on the mest recant LEED information frons the procucing mill
| Hetted ] Lecglion [ Recysled Comtent |~ Post Consumer | Fost Industrial |
[EAF fEhont, KY i 66.9%] 28.2%]| R
TIRFAX
Cerffloston:




Hamasco

| 09-06-2018 04:00 Load - 3134241 BL - 3849482 BLR466
Texas Corrugators, lnc Heat - Jw18107480
Cust. PO - A-7426 Qrder-l.[ne 15409355:’ 2
i
i § 0§ o e § = Mill Certificatian MTE 7 1423084
NUZOR GORPQRATION B/15/2013 "“"“’"; L
NUCOR STEEL TEXAS Fax: f&ma 626-6250
Rald To:  KLOECKNER METAL: DDF{F’ Ship To: KLOECKNER META
i 2 Oé‘ONALCTﬁ o BI:IEL?AGFX TBPG : *
ROSWEL] G‘? 36076 {512) 4733533
FB::'. (%gg) 255-BERM
Guslemar £.0.| 7287948 Sales Ordeér | 278262.18
Product Sroup | Merchant Bar Ouality Part Mumbar | 5325020024004W0)
Grado | A3E/ASZIGRSO/CEALIWSOW Lotw | JWIB10V48001
Size | 17432 Flat Hesi# § JWIB107480
Freduct ; 1/4x2" Finl 20' ASG/AS25.30/44WiS0VW B.L. Numbor | J1+833419
Desoiplion | A3G/ABR9-60M4W/S0W Load Number | J1-223064
Cuslomer Spec Guslomor Pad # | MB142FL IMAJG0240
Llkesgehry EHrofy 1h3% 1ha matennl fncnt.en feasin 191 o iamsiciyn in dqeordince wih 1ha sactamnns /nd <Ssiyars Uales 3oovn 3ud thid & aslahns mos ruinmn s
Roll Date: £/14/20128  Meh Date: 8112018 Gry Shipped LBS: 5,102 Oty Shipped Pen: 150
[‘1A2£fA38Pr' ‘I" A709/705M- 1 GREE, AGME BASE-10 Ed 11 A,
EDITION-2911 ADDENDA
RSTM —'\?DB-'AFDSM 13 GR 26 [E.JG]
c Mn P s Sl Cu Nj Gr ' Mo v Ch
0.19% 0.84% 0.0171% 0.025% 0.18% 0.28% " 2177 017% 0.067%% 0.03025 0.002%
Viald 1: 57, 400psi Tansile 1: 7560005 Elongatien: 26% in 8434 in 208.3mm)
Yield 2: 57,100psi Tenslle 2: 74,500¢si Elgngation 27% m 8%{% In 203,3mm)
Spacification Commenis: MEETS THE REQUISEMENTS OF: ASTM ARSBIASEM. 14, ASEE/AG2S.05 GRS0(345), A700/AT0204-10 GRIG(250): GSA
E%O 12?05 GRMW(&EUW) SOW{IS0W); AASHTO M270/2708-10 GASE:270; AGME SAEGSATEM-10N ;lEET REFQRTING REQ IH:*«]EMT 3 OF ENT0204 BEC
Commenla: € mail: wobsalos®nsiexas.com
1, Al manufacturing processos of tha sieel, including melting, cacting & hot rolling. have boen parformed in U.S.A
2, Marcury In any (orm ke not been used i the p.rbciuaucn oriesling of this preducl.
@, Welding or weld repair was nat perlomed an this m.
4. Thin a(ena! acﬁiarms 1o the széleafmallnm du,-.cnbec on this document and may not be epreducsd, axceptin full, without
‘f f?n?@. rapenod !arﬂ.b‘h.‘l“ﬁﬂs {inciusion contan) and AST'M ESA1 (Macro-oich) are peavived as Interprelaicn of ASTM protedures,
gl R Virti s
Bhargava R Vanian
Division Metalurgist Paged of 5
I 3G 10 Octaber 1, 2017
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/ ..-‘1 ‘TreanA&M : Doc. No ¥ Issue Date .«
ransporiation . 01+ . F 5 -t
A institite QF7.3-01 C oncrete OF 7.3-00% 2018-06-18=
Froving-Grouno§ T A iy
EETe s e Samplingo
rvan T T i one B79- vE51
d 4 Prepared-by: Wanda L. Menges? Revision + | Page¥
" Qua“ty Formo Approved by. Darrell L. Kuhn= 6= 1-of 12

Project No: .{ﬁﬁo} 3 -

Name of Technician

Llig foira

Name of Technician

Casting Date: ;74!['5’ /ﬁ-" 2 Mix Design {psi): ‘555’0’

B

Taking Sample Breaking Sample

Signature of 7 Signature of

Technician ' Technician Breaking
Taking Sample - /]::;> Sample fg%—*_
Load No. Truck No. Ticket No. Location (from concrete map)
Zk Z7OF S03377% Mo Sectws of Lol
Load No. Break Date Cylinder Age Total Load (Ibs) Break (psi) Average
i PRI | (Y doys | fP000 | 5500 [
7/ l ; [S7500 | S0 | S&20
7/ / I1S§7000 | SISO /
i

TR No. 608331-1A-2-3
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/ ]texas Aﬂ”{ .I_)OC.-)«’D." Issue-Date +|-
ans, ation 4 = o . % %!
S |rrithte QF-7.3-01:-Concrete OF 756/ | 2018-06-18=

Proving -Groune| Taxgs ALM Unrersity Sa l'up“ugg
110C 5447 Big 70019 College-Statlon, TX - T78439
Bovan TX 77807 Y Fhone RT0-345-83757)

z = Prepared-by: Wanda L Menges® Revision '+ | Page®
B Quality-Formo Approved by Darrell L. Kuhn= &= tof1=

Project No: G/ZJ/ ﬁ/ Casting Date: ,Zd /é f_../(/-g f Mix Design (psi): S5 z/o
Name of Technician ~ Name of Technician ; .‘
Taking Sample Gﬂt@ ﬁt_ = Breaking Sample /}, // ({/‘, }a//,t/

Signature of B S Signature of

Technician Technician Breaking

Taking Sample T ) Sample
> e S———

)

Load No. Truck No. Ticket No. Location (from concrete map)

it 20 A 23832 | /- 0 B s Ko ¥ i
Load No. Break Date Cylinder Age Total Load (Ibs) Break (psi} Average
T/ [R010p0j0] YR daya 13,0000 | Y 78D !
il l ] (Seve2 | S0 | Sos0

Y [ ( 1. 5o | StAo |

T
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CUSTOMER

Martin Marietta

1503 LBJ Freeway
Suite 400

[ TICKET NO. i

'S COPY

Dallas, Tx 75234

H?“i;r hii :.E'!':l

LOAD TIME 70 JOB "I asAvEJOBSmE | BEGINPOUR FINISH POUR LEAVE JOB SITE ARRIVE PLANT
= ;,.: \.': i/ o L : : .
WATER ADDED ON JOB AT CUSTOMER'S REQUEST GAL S |Cosies Detbarnshet
ALLOWABLE WATER (withheld from batch) GAL, X

TEST GYLINDER TAKEN JYES ~ ANO BY
CYLINDER TAKEN _BEFORE O AFTERWATER

ADDITIONAL WATER ADDED TO THIS CONCRETE WILL REDUCE
ITS STRENGTH. ANY WATER ADDED IN EXCESS QF SPECIFIED
SLUMP IS AT CUSTOMER'’S RiSK.

DELIVERY OF THESE MATER1ALS [S SUBJECT TO THE TERMS AN
CONDITIONS ON THE REVERSE SIDE HEREQF AS ACCEPTED B
SIGNATURE ABOVE .

"CUSTOMER NAME AND DELIVEARY ADDRESS PLANT  TRUCK ORDER NO. SLUNMP PO #JOBAOT  GRID
DRIVER NANE T e ~ DAIE
CUSTOMER MUMBER  PROJECT CUM. GFY ORDERED OTY
LOAD GUANTITY  PRODUCT CODE DESCRIPTION UNITPRICE AMCUNT
SPECIAL DELIVERY INSTRUCTIONS T
TOTAL

DANGER! MAY CAUSE ALKALI BURNS
SEE WARNINGS ON REVERSE SIDE

FOR OFFICE USE ONLY FORM: £

TR No. 608331-1A-2-3 74
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[ TICKET NO, ]
CUSTOMER'S COPY
e Martin Marietta
Martn 1503 LBJ Freeway
VICE AN B Suite 400
Dallas, Tx 75234
PREIEL B REIRE 1S TER IR IR ]
LLLEE G R
LOAD TIME TOJOB " ARRIVE JOB SITE BEGIN POUR FINISH POUR LEAVE JOB SITE ARRIVE PLANT
WATER ADDED ON JOB AT CUSTOMER'S REQUEST GAL, | S/STOMERIBNATURE S
ALLOWABLE WATER (withheld fiom batch) gaL, LX

TEST CYLINDER TAKEN JYES  JINO BY

DELIVERY OF THESE MATERIALS IS SUBJECT TO THE TERMS AN

CYLINDER TAKEN I BEFORE ) AFTER WATER
ADDITIONAL WATER ADDED TO THIS CONCRETE WILL REDUGE
ITS STRENGTH. ANY WATER ADDED IN EXCESS OF SPECIFIED

SLUMP IS AT CUSTOMER'S RISK.
‘CUSTOMER NAME AND DELIVERY ADDRESS

CONDITIONS ON THE REVERSE SIDE HEREQF AS ACCEPTED B
SIGNATURE ABOVE .

~ DROER HO.

PLANT TRUCK SLUMP | P.O, NJOBALOT GRID
DRIVER NAME e DA E e
CUSTOMER NUMEER  PROJECT "CUM. afY  OHADEREDGTY
LOAD QUANTITY PRODUCT CODE DESCRIPTION UNIT PRICE AMOUNT
SPECIAL DELIVERY INSTRUCTIONS SALES TAX
TOTAL
DANGER! MAY CAUSE ALKALI BURNS n -
SEE WARNINGS ON REVERSE SIDE FOR OFFICE USE ONLY FORM: © o
TR No. 608331-1A-2-3 75 2019-04-02
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APPENIDX C. MASH TEST 4-12 (CRASH TEST NO. 608331-01-1A)

C1  VEHICLE PROPERTIES AND INFORMATION
Table C.1. Vehicle Properties for Test No. 608331-01-1A,

Date: 2018-12-10 TestNo.:  608331-01-1A VINNo:  THOMMAANOBJ440340
Year: 2011 Make: International Model 4300
Odometer: 101136 Tire Size Front:  2/9/80R22.5  Tijre Size Rear: 275/80R22.5
el C e
e T R | V—
A ‘ et Q .
T E— it v @——
B | * ’ ~
X Q/=—=\0 ] :::"::::‘L::::::::::::::::::ﬁ
T O
4 L_M_{ r L &
J ol b tot ti
M —=] ' S_l ]
A [t H ———se
LA - . . A

Vehicle Geometry: inches or []mm

A Front Bumper K Rear Bumper
Width: 95.00 Bottom: U Cab Length: 106.00
L Rear Frame V  Trailer/Box
B Overall Height: 143 Top: 37.00 Length: 222.50
M Front Track
C Overall Length: 327.25 Widith: 80.00  w  Gap width: 1.75
_ X Owerall Front
D Rear Overhang: 85,50 N Roof Width: 7.00 Height: 98.50
Y Roof-Hood
E Wheel Base: 204.75 G Hood Height: ©8.00 Distance: 30.00
P Bumper Z Roof-Box Height
F  Front Overhang: 36.00 Extension: 1.00 Difference: 34.00
Q FrontTire AA - Rear Track
G C.G. Height: Widtth: 39.00 Widtth: 73.00
H C.G. Horizontal R Front Wheel BB Rallast Center of
Dist. w/Ballast: 125.35 Width: 23.50 Mass: 61.25
| Front Bumper S Bottom Door CC  Cargo Bed
Bottom: 19.00 Height: 3750 Height: 48.25
J  Front Bumper
Top: 3400 T Overall Width: 96.00
Allowable Range: C = 394 inches max.; E = 240 inches max.; CC = 5112 inches; BB = 63 12 inches above ground;
Wheel Center Wheel Well Bottom Frame
Height Front _____ﬂ Clearance (Front) _—900 Height (Front) 25.50
Wheel Center Wheel Well Bottom Frame
Height Rear __ 19.00 Clearance (Rear) ____ 990 Height (Rear) 27.00

TR No. 608331-1A-2-3 77 2019-04-02



Table C.1. Vehicle Properties for Test No. 608331-1A (Continued).

Date: 2018-12-10 Test No.: 608331-01-1A VIN No.: 1HIMMAANOBJ440340
Year: 2011 Make: International Model: 4300
WEIGHTS
(b or [Jka) CURB TEST INERTIAL
Wfroni axle 7280 8550
Y p—— 6720 13500
WroTAL 14000 22050

Allowable Range for CURB = 13,200 22200 Ib | Allowable Range for TIM = 22,046 *660 ib
(as-needed)

Ballast: 8050 Ib orD kg)  (See MASH Section 4.2.1.2 for recommended ballasting)
Mass Distribution
(b or Clka): LF; 4260 RF: 4290 LR: 7080 RR: 6420
Engine Type: MAXX FORCE DIESEL Accelerometer Locations ([¢]inches or Dmm)
1
Engine Size: DT 466 * ¥ 2
Front:

Transmission Type:

Auto or [ Manual Center: 12535 o 48.00

1 FwD RWD [ 4WD Rear:  225.35 0.00 48.00

Describe any damage to the vehicle prior to test:

Other notes to include ballast type, dimensions, mass, location, center of mass, and method of
attachment:

Block 1: Height 30 inches / Width 60 inches / Length 30 inches

Block 2: Height 30 inches / Width 80 inches / Length 30 inches

Blocks centered in middle of bed

61.25 inches center of lcad to ground

Four 5/16-inch cables per block

Performed by: ~ SCD Date: 2018-12-10

! Referenced to the front axle
* Above ground
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C2 SEQUENTIAL PHOTOGRAPHS

Figure C.1. Sequential Photographs for Test No. 608331-01-1A (Overhead and Frontal Views).
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Figure C.1. Sequential Photographs for Test No. 608331-01-1A (Overhead and Frontal Views)
(Continued).
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0.200 s | 0.600 s

0.300s 0.700 s
Figure C.2. Sequential Photographs for Test No. 608331-01-1A (Rear View).
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VEHICLE ANGULAR DISPLACEMENTS
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VEHICLE ACCELERATIONS
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APPENIDX D. MASH TEST 4-11 (CRASH TEST NO. 608331-01-2)

D1 VEHICLE PROPERTIES AND INFORMATION

Table D.1. Vehicle Properties for Test No. 608331-01-2.

Date: 2018-12-12 Test No.: 608331-01-2 VIN No.: 1C6RDBFT5CS132574
Year: 2012 Make: RAM Model: 1500
Tire Size: 265/70R 17 Tire Inflation Pressure: 35 psi
Tread Type: Highway Odometer: 168353
Note any damage to the vehicle prior to test:  None
e X e
® Denotes accelerometer location.
NOTES: None TED e K
| |

Engine Type: V-8

Engine CID: 4.7 liter

Transmission Type:
Ao or [] Manual
FWD [/] RWD _[] 4WD

Optional Equipment:

None
S |
Dummy Data: ; K I! ¥
Type: 50th Percentile Male -
Mass: 165 Ib
Seat Position:  Driver Side
Geometry: inches ~
A 78.50 F 40.00 K 20.00 P 3.00 U 27.75
B 74.00 e 29.00 L 3000 Q 30.50 Y/ 30.50
C 227.50 H 62.60 M 68.50 R 18.00 W 62.60
D 44 00 | 11.75 N 68.00 S 13.00 X 78.00
E 140.50 J 27.00 O 46.00 T 77.00
Wheel Center Wheel Well Bottom Frame
Height Front 14.75 Clearance (Front) 6.00 Height - Front 12.50
Wheel Center Wheel Well Bottom Frame
Height Rear 14.75 Clearance (Rear) 9.25 Height - Rear 22.50
PANGE LIMIT. A=78 +Zinches, C=237 #13inches, E=142 #12 inches, F=3913 inches; G => 28 inches, H =83 4 inches, 0=43 +4 inches, M+N/2=67 +1 5inches
GVWR Ratings: Mass: b Curb Test Inertial Gross Static
Front 3700 Miron 2869 2782 2867
Rack 3900 Mrear 2033 2237 2317
Total 6700 M Total 4902 5019 5184
(Allowable Range for TiM and GSM = 5000 12110 Ib)
Mass Distribution:
Ib LF: 1386 RF: 1386 LR: 1132 RR: 1105
TR No. 608331-1A-2-3 89 2019-04-02
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Table D.2. Measurements of Vehicle Vertical CG for Test No. 608331-01-2.

Date: 2018-12-12  Test No.: 608331-01-2 VIN: 1CEBRDEFTS5CS132574
Year: 2012 Make: RAM Model: 1500
Body Style: Quad Cab Mileage: 168353
Engine: 4.7 liter V-8 Transmission: Automatic
Fuel Level: Empty Ballast: 209 (440 Ib max)
Tire Pressure: Front: 35  psi Rear: 35 psi Size: 265/70R 17
Measured Vehicle Weights:  (Ib)
LF: 1396 RF: 1386 Front Axle: 2782
LR: 1132 RR: 1105 Rear Axle: 2237
Left: 2528 Right: 2491 Total: 5019
5000 110 Ib allowed
Wheel Base:  140.50 inches  Track: F: 68.50 inches R: 68.00 inches

148 +12 inches allowed

Track = (F+R)/2 = 67 +1.5 inches allowed

Center of Gravity, SAE J874 Suspension Method

x 6262 inches

Y: -0.25 inches Left -

Rear of Front Axle (83 +4 inches allowed)

Right + of Vehicle Centerline

Z: 29.00 inches

Hood Height: 46.00 inches
43 +4 inches allowed

Front Overhang: 40.00 inches
39 43 inches allowed

Overall Length: 227.50 inches

237 £13 inches allowed

TR No. 608331-1A-2-3

Above Ground

(minumum 28.0 inches allowed)

Front Bumper Height: 27.00 inches
Rear Bumper Height: 30.00 inches
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Table D.3. Exterior Crush Measurements for Test No. 608331-01-2.

Date: 20181212 Test No.: 608331-01-2 VN No.- 1C6RDEFT5CS132574

Year: 2012 Make: RAM Model: 1500

VEHICLE CRUSH MEASUREMENT SHEET!

Complete When Applicable

End Damage Side Damage
Undeformed end width Bowmg: Bl X1
Corner shift: Al B2 = X2 _
A2
End shift at frame (CDC) Bowing constant
{check one) Jod 5o
<4 inches T e
>d4inches

Note: Measure C; to Cg from Driver to Passenger Side in Front or Rear Impacts — Rear to Front in Side Impacts.

Direct Damage
Specific 5 3 A ¢
Tmpact Plane* of widh* | Moo | Feg | Of | S| S [ S| G | D
Number C-Measurements (CDC) Crush L
1 AT FT BUMPER 19 8 20 8 4 2 -- -- -- -27
2 ABOVE FT BUMPER 19 11 60 1 2 4 6 9 1 +75

Measurements recorded

inches or Dmm

ITable taken from National Accident Sampling System (NASS).

*Tdentify the plane at which the C-measurements are taken (e.g., at bumper, above bumper, at sill, above sill, at
beltline, etc.) or label adjustments (e.g., free space).

Free space value is defined as the distance between the baseline and the original body contour taken at the individual
C locations. This may include the following: bumper lead, bumper taper, side protrusion, side taper, etc,
Record the value for each C-measurement and maximum crush.

i\ easure and document on the vehicle diagram the beginning or end of the direct damage width and field L (e.g ,
side damage with respect to undamaged axle).

¥\ easure and document on the vehicle diagram the location of the maximum crush.

Note: Use as many lines/columns as necessary to describe each damage profile.
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Table D.4. Occupant Compartment Measurements for Test No. 608331-01-2.

it 2OABEISAD  maspiis 608331-012 \iN No. 1CBRDBFT5CS132574
Year: 2012 Make: RAM Model: 1500
OCCUPANT COMPARTMENT

0

=R
S 1 o) T—

El1,4 B3.,6

*Lateral area across the cab from driver’'s side
kickpanel to passenger’s side kickpanel.

TR No. 608331-1A-2-3 92

DEFORMATION MEASUREMENT

A1

A2
A3
B1

B2
B3
B4
BS
B6
C1
C2
C3
D1
D2
D3
E1

E2
E3
E4

“n

J*

Before After Differ.
(inches)

65.00 65.00 0.00
63.00 63.00 0.00
65.50 6550 0.00
45.00 45,00 0.00
38.00 38.00 0.00
45.00 45.00 0.00
39.50 39.50 0.00
43.00 43.00 0.00
39.50 39.50 0.00
26.00 25.50 -0.50

0.00 0.00 0.00
26.00 26.00 0.00
11.00 11.00 0.00

0.00 0.00 0.00
11.50 11.50 0.00
58.50 58.50 0.00
63.50 63.50 0.00
63.50 63.50 0.00
63.50 63.50 0.00
59.00 59.00 0.00
59.00 59.00 0.00
37.50 37.50 0.00
37.50 37.50 0.00
25.00 2475 -0.25
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D2  SEQUENTIAL PHOTOGRAPHS

0.000 s

0.050 s

0.100 s

0.150 s

Figure D.1. Sequential Photographs for Test No. 608331-01-2 (Overhead and Frontal Views).
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o

0.200 s

0.250s

0.300 s

0.3505

Figure C.1. Sequential Photographs for Test No. 608331-01-2 (Overhead and Frontal Views)
(Continued).
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0.050 s P - 0.250 s

0.100 s 03005

0.150s 0350s
Figure D.2. Sequential Photographs for Test No. 608331-01-2 (Rear View).
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APPENIDX E. MASH TEST 4-10 (CRASH TEST NO. 608331-01-3)

El VEHICLE PROPERTIES AND INFORMATION
Table E.1. Vehicle Properties for Test No. 608331-01-3.

Date: 20181214 Test No.- 608331-01-3  VIN No.- KNADH4A3XA6680107
Year: 2010 Make: Kia Model: Rio

Tire Inflation Pressure: 32 psi Odometer: 166024 Tire Size: 185/65R14
Describe any damage to the vehicle prior to test;  None

® Denotes accelerometer location. A 4 EQMT“ i
NOTES: None | | { |

g oo f

Engine Type: 4 cylinder

Engine CID: 1.6L

Transmission Type:

[¥/] Auto or  [] Manual

FWD | RWD 4ND
OCptional Equipment:

Dummy Data:
Type: 50th percentile male
Mass: 165 Ib
Seat Position: Driver Side
Geometry: inches
A 66.38 F 33.00
B 51.50 @]
& 165.75 H 35.80
D 34.00 | 7.75
E 98.75 J 21.50
Wheel Center Ht Front 11.00

Oz=2r =

12.25 P 412 U 1676
25.25 Q 22.50 vV 21.60
57.75 R 16.50 w 35.90
57.70 S 8.25 X 108.00
28.25 T 66.20

Wheel Center Ht Rear 11.00 W-H 0.00

RANGE LIMIT: A =65 t3inches, C =168 t8inches, E = 95 5 inches; F =35 t4 inches; G = 39 +4 inches; O = TOP OF RADIATOR SUPPORT {24-4-mshos),
M+N/2 = 56 +2 inches; W-H < 2 inches or use MASH Paragraph A4 3 2

GVWR Ratings: Mass: Ib
Front 1718 Mtront
Back 1874 Mrear
Total 3638 M'rma|
Mass Distribution:

b LF: 781

TR No. 608331-1A-2-3

Curb Test |nertial Cross Static
1581 1560 1645
803 894 974
2484 2454 2619
Allowable TIM = 2420 |b £55 b | Allowabla GSM = 2585 1b + 55 Ib
RF: 779 LR: 423 RR: 471
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Table E.2. Exterior Crush Measurements for Test No. 608331-01-3.

Date: 20181214  Test No.- 608331-01-3 N No.- KNADH4A3XA6680107

Year: 2010 Make: Kia Model: Rio

VEHICLE CRUSH MEASUREMENT SHEET!

Complete When Applicable

End Damage Side Damage

Undeformed end width Bowing: Bl X1

Corner shift; Al B2 X2
A2

End shift at frame (CDC) Bowing constant
(check one) X1+4X2
<4 inches _i—_ -

> 4 inches

Note: Measure C; to Cg from Driver to Passenger Side in Front or Rear Impacts — Rear to Front in Side Impacts.
Direct Damage

Specific ~
Impact Plane™ of Width** Max* Field 7 L & G s Se £
Number C-Measurements {CDC) Crush L*%
1 AT FT BUMPER 15 11 30 11 7 5 4 2 1 +11
2 ABOVE FT BUMPER 15 10 44 1 4 6 8 9 10 | +60

Measurements recorded

inches or Dmm

1Table taken from National Accident Sampling System (NASS).

*Identify the plane at which the C-measurements are taken (e.g.. at bumper, above bumper, at sill, above sill, at
beltline, etc.) or label adjustments (e.g., free space).

Free space value is defined as the distance between the baseline and the original body contour taken at the 1r1d1v1dual
C locations. This may include the following: bumper lead, bumper taper, side protrusion, side taper, etc.
Record the value for each C-measurement and maximum crush.

*ih\feasure and document on the vehicle diagram the beginning or end of the direct damage width and field L (e.g.,
side damage with respect to undamaged axle).

#ii)Jeasure and document on the vehicle diagram the location of the maximum crush.

Note: Use as many lines/columns as necessary to describe each damage profile.
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Table E.3. Occupant Compartment Measurements for Test No. 608331-01-3.

Date: 2018-12-14  Test No.: 608331-01-3 VIN No.- KNADH4A3XA6680107
Year: 2010 Make: Kia Model: Rio
OCCUPANT COMPARTMENT
C(A——— DEFORMATION MEASUREMENT
y Before After Differ.
(inches)

C A1 67.50 66.00 -1.50
Nl By A2 67.25 67.25 0.00
7 A3 67.75 67.75 0.00
B1 40.50 39.50 -1.00
B2 39.00 39.00 0.00
B1, B2, B3, B4, B5, B6 B3 40.50 40.50 0.00

] j AR B4 36.25 36.25 0.00
TS VR EN BS 36.00 36.00 0.00

L
C? s [T = V5 se 36.25 36.25 0.00
\ .
©l J 1] c 26.00 22,00 -4.00

) 0.00 0.00 0.00

c3 26.00 26.00 0.00

D1 9.50 9.00 -0.50

D2 0.00 0.00 0.00

/ ] \ D3 9.50 9.50 0.00
: T \ E1 51.50 53.00 1.50
e E2 51.00 52.50 1.50
F 51.00 51.00 0.00

L G 51.00 50.50 -0.50

H 37.90 37.25 -0.25

| 37.50 37.50 0.00

*Lateral area across the cab from J* 51.00 49.50 -1.50

driver's side kick panel to passenger’s side kick panel.
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E2 SEQUENTIAL PHOTOGRAPHS

0.000 s

0.050s

0.100 s

0.150s

Figure E.1. Sequential Photographs for Test No. 608331-01-3 (Overhead and Frontal Views).
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0.200 s

0.250s

0.300 s

0.350 s

Figure E.1C.1. Sequential Photographs for Test No. 608331-01-3 (Overhead and Frontal
Views) (Continued).
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0.150s
Figure E.2. Sequential Photographs for Test No. 608331-01-3 (Rear View).
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VEHICLE ANGULAR DISPLACEMENTS
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