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DISCLAIMER

The contents of this report reflect the views of the authors, who are solely responsible for
the facts and accuracy of the data, and the opinions, findings, and conclusions presented herein.
The contents do not necessarily reflect the official views or policies of the Pennsylvania
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 of
specific 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 (“TTI 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. When the TTI Lab discovers an error in a published and issued final report,
the TTI Lab shall promptly disclose such error to Gannet Fleming, Inc and the Pennsylvania
Department of Transportation, 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 of the 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 of the related
testing contract shall not constitute a breach of the testing contract.

THE TTI LAB SHALL NOT BE LIABLE FOR ANY INDIRECT,
CONSEQUENTIAL, PUNITIVE, OR OTHER DAMAGES SUFFERED BY GANNET
FLEMING, INC. AND THE PENNSYLVANIA 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

The purpose of the tests reported herein was to assess the performance of the PennDOT
PA Bridge Barrier according to the safety-performance evaluation guidelines included in the
American Association of State Highway and Transportation Officials (AASHTO), Manual for
Assessing Safety Hardware (MASH) (1). The crash testing was performed in accordance with
MASH Tests 5-10, 5-11, and 5-12, which involve an 1100C and a 2270P vehicle impacting the
PennDOT PA Bridge Barrier at a target impact speed and impact angle of 62 mi/h and 25°,
respectively, and a 36000V vehicle impacting the PennDOT PA Bridge Barrier at a target impact
speed and impact angle of 50 mi/h and 15°, respectively.

This report provides details of the PennDOT PA Bridge Barrier, detailed documentation
of the crash test results, and an assessment of the performance of the PennDOT PA Bridge
Barrier for MASH Tests 5-10, 5-11, and 5-12 evaluation criteria.
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Chapter 2. SYSTEM DETAILS

2.1. TEST ARTICLE AND INSTALLATION DETAILS

The test installation was comprised of a steel reinforced cantilevered concrete bridge
deck, 11 inches thick, supporting a 24-inch tall x 18-inch thick steel reinforced concrete barrier.
The test installation was constructed with three '2-inch wide joints, two extended through the
parapet wall only, and the third through the wall and deck.

There were 20 posts attached to the top of the parapet using cast in place anchor bolts.
The posts were spaced on 90—inch centers, beginning 44-inches from each end of the concrete
deck and parapet, for a total installation length of 149 ft-10 inches. Two rectangular HSS 5x4x3%
rails were attached to each post, with the tops of the rails located 37 inches and 50 inches above
grade, respectively.

Figure 2. presents overall information on the PennDOT PA Bridge Barrier, and Figure
2.2 provides photographs of the installation. Appendix A provides further details of the
PennDOT PA Bridge Barrier.
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Figure 2.2. PennDOT PA Bridge Barrier prior to Testing.
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2.2. MATERIAL SPECIFICATIONS

Appendix B provides material certification documents for the materials used to
install/construct the PennDOT PA Bridge Barrier.

The specified minimum unconfined compressive strength of the concrete for the support
wall, bridge deck and moment slab (moment slab was poured along with bridge deck batches)
was 4,000 psi, the working slab was 3,000 psi, and the barrier was 3,500 psi. The average
unconfined compressive strengths of the batches of concrete used in the construction of the test
installation were as follows with locations of the different batches shown in the following
illustration Figure 2.3

Figure 2.3. Concrete Map Overview of the of the PennDOT PA Bridge Barrier

Working Slab: 3,895 psi (over 5 batches) on 2018-05-19, 37 days from pour date.

Wall: 6,225 psi (over 3 batches) on 2018-05-31, 26 days from pour date.

Deck (moment slab): 5,815 psi (over 6 batches) on 2018-05-31, 26 days from pour date.
Barrier: 4,981 psi (over 2 batches) on 2018-06-05, 20 days from pour date.

Steel reinforcement of the bridge deck and wall was comprised of epoxy coated ASTM
A615 Grade 60 rebar with specified minimum yield strength of 60 ksi.
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Chapter 3. TEST REQUIREMENTS AND EVALUATION CRITERIA

3.1. CRASH TEST PERFORMED / MATRIX

Table 3.1 shows the test conditions and evaluation criteria for MASH TL-5 for
longitudinal barriers. MASH Test 5-10 involves an 1100C vehicle, weighing 2420 1b +55 Ib,
impacting the critical impact point (CIP) of the barrier at an impact speed of 62 mi/h 2.5 mi/h
and an angle of 25° £1.5°. MASH Test 5-11 involves a 2270P vehicle, weighing 5000 Ib
+110 Ib, impacting the CIP of the barrier at an impact speed of 62 mi/h £2.5 mi/h and an angle of
25° £1.5°. MASH Test 5-12 involves a 36000V vehicle weighing 79,300 1b £1100 Ib, impacting
the CIP of the barrier at an impact speed of 50 mi/h +2.5 mi/h and an angle of 15° +1.5°.

The target CIPs were determined using the information provided in MASH Section 2.2.1
and Section 2.3.2, and Tables 2-7 and 2-8. The target CIP for MASH Test 5-11 on the PennDOT
PA Bridge Barrier was 4.3 ft £1 ft upstream of post 9 edge with lower rail splice. The target CIP
for MASH Test 5-10 was 3.6 ft +1 ft upstream of post 13 edge with lower rail splice. The target
CIP for MASH Test 5-12 was 1 ft =1 ft, downstream of post 5 edge with lower rail splice.

Table 3.1. Test Conditions and Evaluation Criteria Specified for MASH TL-5
Longitudinal Barriers.

Impact
. Test Test Conditions Evaluation
Test Article Designation Vehicle Criteria
Speed | Angle
5-10 1100C 62 mi/h 25° A,D,F,H 1
Longitudinal 5-11 2270P | 62mi/h | 25° A,D,F,H,1
Barrier
5-12 36000V 50 mi/h 15° A, D,G

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 Tables 2-2A and 5-1 of MASH were used
to evaluate the crash tests reported herein. The test conditions and evaluation criteria required
for MASH Tests 5-10, 5-11, and 5-12 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-5 Longitudinal Barriers.

Evaluation
Factors

Evaluation Criteria

MASH
Test

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.

5-10,

b

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.

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
Risk

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

It is preferable, although not essential, that the vehicle remain upright
during and after the collision.

Occupant impact velocities (O1V) should satisfy the following limits:
Preferred value of 30 ft/s, or maximum allowable value of 40 ft/s.

The occupant ridedown accelerations should satisfy the following:
Preferred value of 15.0 g, or maximum allowable value of 20.49 g.
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Chapter 4. TEST CONDITIONS

4.1. TEST FACILITY

The full-scale crash tests 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
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 PennDOT PA Bridge Barrier was at the end of an
out-of-service runway. The runway consists of an unreinforced jointed-concrete pavement in
12.5-ft x 15-ft blocks nominally 6 inches deep. The runway was built in 1942, and the joints
have some displacement, but are otherwise flat and level.

4.2 VEHICLE TOW AND GUIDANCE SYSTEM

For the 5-10 and 5-11 tests, the 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.

For the 5-12 test the vehicle was placed in 9" gear for the 5-12 test. With the vehicle
idling the clutch was remotely engaged, to allow the truck to be pushed to speed. Once at speed,
within the power band of the gear, the clutch was remotely released.. The accelerator was then
remotely depressed and the vehicle accelerated under its own power to the required speed. 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. The vehicle was released
and ran unrestrained just prior to impact with the installation. 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.
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4.3 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
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-Turn
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 a 60-Hz low-pass digital filter, 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).
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Placement of the electronic instrumentation in the MASH Test 5-12 is shown in Appendix
El, Figure E.1 and described below.

(A) The front accelerometers were placed on the tractor frame rail
14.0 inches forward of the front axle, 20.0 inches left of the longitudinal
centerline, and at height of 33.0 inches above ground surface.

(B) Accelerometers and rate transducers were placed on the tractor frame
just ahead of the fifth wheel, 105 inches rearward of the front axle, at the
longitudinal centerline, and at a height of 32 inches above ground
surface.

(C) The rear accelerometers were placed on the trailer frame, between the
two rear trailer axles, 677 inches rearward of the front axle, at the
longitudinal centerline, and 49.5 inches above ground surface.

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
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 PennDOT PA Bridge Barrier was 50 inches
above grade, a dummy was placed in the front seat of the 2270P vehicle on the impact side and
restrained with lap and shoulder belts.

MASH does not recommend or require use of a dummy in the 36000V vehicle.

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;

¢ One placed upstream of the impact point on the traffic side of the barrier; and

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

A flashbulb on the impacting vehicle was activated by a pressure-sensitive tape switch to
indicate the instant of contact with the PennDOT PA Bridge Barrier. 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 5-11 (CRASH TEST NO. 609591-03-1)

5.1 TEST DESIGNATION AND ACTUAL IMPACT CONDITIONS

MASH Test 5-11 involves a 2270P vehicle, weighing 5000 b +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 5-11 on the PennDOT PA Bridge Barrier was 4.3 ft +1 ft upstream of post 9
edge with lower rail splice. The 2013 RAM 1500 pickup used in the test weighed 5004 1b, and
the actual impact speed and angle were 63.2 mi/h and 24.8°, respectively. The actual impact
point was 4.3 ft upstream of the upstream edge of post 9. Minimum target impact severity (IS)
was 106 kip-ft, and actual IS was 121 kip-ft.

5.2 WEATHER CONDITIONS

The test was performed on the morning of June 28, 2018. Weather conditions at the time
of testing were as follows: wind speed: 8 mi/h; wind direction: 228° (vehicle was traveling in a
southerly direction); temperature: 86°F; relative humidity: 73 percent.

53 TEST VEHICLE

Figures 5.1 and 5.2 show the 2013 RAM 1500 pickup used for the crash test. The
vehicle’s test inertia weight was 5004 1b, and its gross static weight was 5169 1b. The height to
the lower edge of the vehicle bumper was 11.8 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 C.1 and C.2 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.

Figure 5.1. PennDOT PA Bridge Barrier/Test Vehicle Geometrics for Test No. 609591-03-1.
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Figure 5.2. Test Vehicle before Test No. 609591-03-1.

5.4 TEST DESCRIPTION

The 2013 RAM 1500 was traveling at an impact speed of 61.7 mi/h when it contacted the
PennDOT PA Bridge Barrier 4.3 ft upstream of post 9 at an impact angle of 24.825.3°. Table
5.1 lists events that occurred during Test No. 609591-03-1. Figures C.1 and C.2 in Appendix C2
present sequential photographs during the test.

Table 5.1. Events during Test No. 609591-03-1.

TIME (s) | EVENTS
0.000 Vehicle makes contact with bridge rail
0.023 Vehicle begins to redirect
0.051 Right front bumper shears off of vehicle when contacting post 9
0.082 Dummy head begins to break through passenger side window
0.182 Vehicle becomes parallel with bridge rail
0.188 Rear right side of truck contacts bridge rail
0.192 Left front tire lifts off of pavement
0.214 Left rear tire lands back on pavement
0.255 Left front tire lands back on pavement
0.299 Vehicle loses contact with bridge rail while traveling at 50.8 mi/h

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 212 ft downstream of the impact and 12 ft
toward traffic lanes.

5.5 DAMAGE TO TEST INSTALLATION

Figure 5.3 shows the damage to the PennDOT PA Bridge Barrier. There was slight
concrete damage to the concrete barrier edges near impact and at joint, along with some surface
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scuffing of the traffic face of the rail and concrete wall. Working width was 18.0 inches at a
height of 24.0 inches. Maximum dynamic deflection during the test was 0.7 inches, and there
was no measureable permanent deformation.

Figure 5.3. PennDOT PA Bridge Barrier after Test No. 609591-03-1.

5.6 VEHICLE DAMAGE

Figure 5.4 shows the damage sustained by the vehicle. The front bumper, hood, grill,
radiator and support, right front fender, right head light, right A-post, right front tire and rim,
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right front corner of roof, right front and rear doors and glass, right rear fender, right rear tail
light, rear bumper and tailgate were damaged. The windshield sustained a crack starting at the
bottom and radiating upward. Maximum exterior crush to the vehicle was 11.0 inches in the side
plane at the right corner at bumper height. Maximum occupant compartment deformation was
3.0 inches on the right side from the firewall to the passenger seat, and vertically on the
passenger side from the floorboard to the roof at the passenger seat location. Figure 5.5 shows
the interior of the vehicle. Tables C.3 and C.4 in Appendix C1 provide exterior crush and
occupant compartment measurements.

i

Figure 5.5. Interior of Test Vehicle for Test No. 609591-03-1.

5.7  OCCUPANT RISK FACTORS

Data from the accelerometer, located at the vehicle center of gravity, were digitized for
evaluation of occupant risk and are shown in Table 5.2. Figure 5.6 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. 609591-03-1.

Occupant Risk Factor Value Time
Occupant Impact Velocity (OIV) ft/s
o at 0.0918 seconds on right
Longitudinal 194 side of interior
Lateral 28.2
Occupant Ridedown Accelerations (G's)
Longitudinal -3.2 (0.1038 - 0.1138 seconds)
Lateral -6.7 (0.2152 - 0.2252 seconds)
km/h
Theoretical Head Impact Velocity (THIV) ?:/Sl Z‘lt d‘l‘%ﬁi tesr?g;’“ds on right
10.6
Post Head Deceleration (PHD) (G's) 7.1 (0.2152 - 0.2252 seconds)
Acceleration Severity Index (ASI) 2.06 (0.0574 - 0.1074 seconds)
Maximum 50-ms Moving Average (G's)
Longitudinal -9.4 (0.0318 - 0.0818 seconds)
Lateral -15.9 (0.0328 - 0.0828 seconds)
Vertical -2.3 (0.0013 - 0.0513 seconds)
Maximum Roll, Pitch, and Yaw Angles Degrees
Roll 4 (0.4838 seconds)
Pitch 4 (0.0623 seconds)
Yaw 34 (0.5737 seconds)
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General Information

Test Agency .......cccocveceeenen. Texas A&M Transportation Institute (TTI)

Test Standard Test No MASH Test 5-11

TTITestNo. ....ccoceee 609591-03-1
TestDate......ccoecviriiiinennn. 2018-06-28

Test Article
TYPE e Longitudinal Barrier - Bridge Rail
Name.........ccoeeee PennDOT PA Bridge Barrier

Installation Length 149 ft-10 inches

Material or Key Elements.... 24-inch tall x 18-inch thick reinforced
concrete parapet with two HSS 5x4x%
rails at 37 inches and 50 inches

Soil Type and Condition ...... Concrete bridge deck, damp

Test Vehicle
Type/Designation ................ 2270P
Make and Model... 2013 RAM 1500 Pickup
CUrb e 4952 Ib
5004 Ib
165 Ib
5169 Ib

Impact Conditions
Speed....oooiiiiiiiieeee e 63.2 mi/h
..24.8°

Location/Orientation ............ 4.3 ft upstream of
post 9
Impact Severity ..................... 121 kip-ft
Exit Conditions
Speed......coeiiiiiiiiiee 50.7 mi/h

Exit Traj./Heading Angle .....4.4°/5.7°
Occupant Risk Values

Longitudinal OIV.................. 19.4 ft/s

Lateral OIV .................. ....28.2 ft/s

Longitudinal Ridedown 3.2g

Lateral Ridedown ................ 6.79

THIV o ....34.8 ft/s
PHD ..o 719
ASI 2.06
Max. 0.050-s Average
Longitudinal............c.c...... 9449
Lateral ...159¢g
Vertical -2.34g

Post-Impact Trajectory

Stopping Distance...................... 212 ft downstream

12 ft toward traffic

Vehicle Stability

Maximum Yaw Angle .................

Maximum Pitch Angle ................

Maximum Roll Angle...

Vehicle Snagging.........

Vehicle Pocketing ..........cccccevues
Test Article Deflections

Dynamic........cccoeevieeiiiniiiiceen, 0.7 inches
Permanent ........ccccceeiiineiieene None
Working Width..........coccoviiennnnes 18.0 inches
Working Width Height ................ 24.0 inches
Vehicle Damage

VDS, .o 10-RFQ-5
CDC ..t 10FREW3
Max. Exterior Deformation.......... 11.0 inches
OCDI it RF0122110
Max. Occupant Compartment

Deformation ........cccccoveevneenen. 3.0 inches

Figure 5.6. Summary of Results for MASH Test 5-11 on PennDOT PA Bridge Barrier.



Chapter 6. MASH TEST 5-10 (CRASH TEST NO. 609591-03-2)

6.1 TEST DESIGNATION AND ACTUAL IMPACT CONDITIONS

MASH Test 5-10 involves an 1100C vehicle, weighing 2420 1b 55 1b, 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 5-10 on the PennDOT PA Bridge Barrier was 3.6 ft £1 ft upstream of post
13 edge with lower rail splice.

The 2011 Kia Rio” used in the test weighed 2427 1b, and the actual impact speed and
angle were 61.7 mi/h and 25.3°, respectively. The actual impact point was 4.1 ft upstream of the
upstream edge of post 13. Minimum target IS was 51 kip-ft, and actual IS was 60 kip-ft.

6.2 WEATHER CONDITIONS

The test was performed on the morning of June 26, 2018. Weather conditions at the time
of testing were as follows: wind speed: 9 mi/h; wind direction: 182° (vehicle was traveling in a
southerly direction); temperature: 88°F; relative humidity: 69 percent.

6.3 TEST VEHICLE

Figures 6.1 and 6.2 show the 2011 Kia Rio used for the crash test. The vehicle’s test
inertia weight was 2427 lb, and its gross static weight was 2592 lb. The height to the lower edge
of the vehicle bumper was 7.8 inches, and height to the upper edge of the bumper was
21.5 inches. Table D.1 in Appendix D1 gives additional dimensions and information on the
vehicle. The vehicle was directed into the installation using a cable reverse tow and guidance
system, and was released to be freewheeling and unrestrained just prior to impact.

* An older model vehicle was used, based upon availability. An older model vehicle is permitted by AASHTO as
long as it is otherwise MASH compliant. This vehicle meets the MASH dimensional specifications.
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Figure 6.2. Test Vehicle before Test No. 609591-03-2.

6.4 TEST DESCRIPTION

The 2011 Kia Rio was traveling at an impact speed of 61.7 mi/h when it contacted the
PennDOT PA Bridge Barrier was 4.1 ft upstream of the upstream edge of post 13 at an impact
angle of 25.3°. Table 6.1 lists events that occurred during Test No. 609591-03-2. Figures D.1
and D.2 in Appendix D2 present sequential photographs during the test.

Table 6.1. Events during Test No. 609591-03-2.

TIME (s) | EVENTS
0.000 Vehicle makes contact with bridge rail
0.034 Vehicle begins to redirect
0.059 Right front panel and hood of vehicle contact post # 13
0.084 Left front and rear tire lift off of pavement
Dummy head at maximum extension outside of window but did not
0.129 . .
contact bridge rail.
0.162 Vehicle becomes parallel with bridge rail
0.184 Right rear of vehicle contacts bridge rail
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0.293 Vehicle loses contact with bridge rail while traveling at 46.2 mi/h
0.326 Front left tire lands back on pavement
0.398 Rear left tire lands back on pavement

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 169 ft downstream of the impact and 2 ft toward
traffic lanes.

6.5 DAMAGE TO TEST INSTALLATION

Figure 6.3 shows the damage to the PennDOT PA Bridge Barrier. There was only
superficial damage to the traffic face of the concrete and some light scrapping on the railing.
Working width was 18.0 inches at a height of 24 inches from the ground. There was no dynamic
deflection and no permanent deformation in the PennDOT PA Bridge Barrier.
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Figure 6.3. PennDOT PA Bridge Barrier after Test No. 609591-03-2.

6.6 VEHICLE DAMAGE

Figure 6.4 shows the damage sustained by the vehicle. The front bumper, hood, radiator
and support, right strut, right front fender, right head light, right front door and glass, right rear
door, right rear quarter panel, right rear tail light, and rear bumper were damaged. The
windshield sustained stress cracks starting at the bottom right side and radiating upward.
Maximum exterior crush to the vehicle was 6.0 inches in the horizontal plane at the front bumper
at bumper height. Maximum occupant compartment deformation was 3.0 inches at the floor
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panel to lower instrument panel on the passenger side. Figure 6.5 shows the interior of the
vehicle. Tables D.2 and D.3 in Appendix D1 provide exterior crush and occupant compartment
measurements.

Figure 6.5. Interior of Test Vehicle for Test No. 609591-03-2.

6.7 OCCUPANT RISK FACTORS

Data from the accelerometer, located at the vehicle center of gravity, were digitized for
evaluation of occupant risk and are shown in Table 6.2. Figure 6.6 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 6.2. Occupant Risk Factors for Test No. 609591-03-2.

Occupant Risk Factor Value Time
Occupant Impact Velocity (O1V) ft/s
Longitudinal 22.3 at 0'0792 seponds on right
side of interior
Lateral 34.1
Occupant Ridedown Accelerations (G's)
Longitudinal -7.9 (0.2732 - 0.2832 seconds)
Lateral -9.7 (0.1938 - 0.2038 seconds)
km/h
Theoretical Head Impact Velocity (THIV) 41;'85 x doe'??iﬁ tesr‘?g‘r’nds on right
124
Post Head Deceleration (PHD) (G's) 10.2 (0.2780 - 0.2880 seconds)
Acceleration Severity Index (ASI) 2.93 (0.0439 - 0.0939 seconds)
Maximum 50-ms Moving Average (G's)
Longitudinal -12.6 (0.0229 - 0.0729 seconds)
Lateral -20.9 (0.0117 - 0.0617 seconds)
Vertical 6.7 (0.0158 - 0.0658 seconds)
Maximum Roll, Pitch, and Yaw Angles Degrees
Roll 8 (0.1345 seconds)
Pitch 12 (0.8042 seconds)
Yaw 33 (0.6349 seconds)
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General Information Impact Conditions Post-Impact Trajectory
Test Agency .......cccocevceeenen. Texas A&M Transportation Institute (TTI) Speed......cooviiiiiiiiee 61.7 mi/hr Stopping Distance..............c....... 169 ft downstream
Test Standard Test No MASH Test 5-10 Angle......ccooevnenne. ....25.3° 2 ft toward traffic
TTI TestNo. ............... 609591-03-2 Location/Orientation ............ 49.2 inches Vehicle Stability
TestDate......ccooeviriiiceennn. 2018-06-26 upstream of Post 13 Maximum Yaw Angle .................
Test Article Impact Severity ..................... 60 kip-ft Maximum Pitch Angle.................
TYPE o Longitudinal Barrier - Bridge Rail Exit Conditions Maximum Roll Angle...
Name.........cceeeee PennDOT Bridge Deck Speed......cooiiiiiiiiee 46.3 mi/h Vehicle Snagging.........
Installation Length............... 149 t-10 inches Exit Traj./Heading Angle .....3.4°/10.3° Vehicle Pocketing ..........cccceuee.
Material or Key Elements.... 24-inch tall x 18-inch thick reinforced Occupant Risk Values Test Article Deflections
concrete wall with two HSS 5x4x%; rails at Longitudinal OIV................. 223 ft/s Dynamic........cccoevieiiiiniiiceen, None
37 inches and 50 inches Lateral OIV ................. ....34.1 ft/s Permanent .........ccccocoiiiiiienn. None
Soil Type and Condition ...... Concrete bridge deck, damp Longitudinal Ridedown......... 799 Working Width..........ccccoviieinene 18 inches
Lateral Ridedown ................ 979 Working Width Height ................ 24 inches
Test Vehicle . Vehicle Damage
Type/Designation ................ 1100C VDS .o 10-RFQ-5
Make and Model.................. 2011 KIARIO CDC ..o 10FREW3
CUrb oo 2457 Ib Max. 0.050-s Average Max. Exterior Deformation......... 6.0 inches
Test Inertial .........ccocevvveennn. 2427 b Longitudinal............ccccee... -126g OCDI .t RF0114100
Dummy ....cccooviiiiiieeeee 165 Ib Lateral Max. Occupant Compartment
Gross Static........cccoeveeeneene 2592 Ib Vertical .......cccoooeenivnieenenn. 6.79 Deformation ........cccccooeevneennen. 3.0 inches

Figure 6.6. Summary of Results for MASH Test 5-10 on PennDOT PA Bridge Barrier.
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Chapter 7. MASH TEST 5-12 (CRASH TEST NO. 609591-03-3)

71 TEST DESIGNATION AND ACTUAL IMPACT CONDITIONS

MASH Test 5-12 involves a 36000V vehicle, weighing 79,300 1b + 1100 Ib, impacting the
CIP of the bridge rail at an impact speed of 50 mi/h +2.5 mi/h and an angle of 15° £1.5°. The
target CIP for MASH Test 5-12 on the PennDOT PA Bridge Barrier was 1 ft £1 ft downstream of
the edge of post 5.

The 2008 Freightliner CL120 Tractor & 53ft 2002 Utility Trailer used in the test
weighed 79,280 Ib, and the actual impact speed and angle were 49.9 mi/h and 14.8°,
respectively. The actual impact point was 1.9 ft downstream of the edge of post 15 with the
lower rail splice. Minimum target IS was 404 kip-ft, and actual IS was 430.6 kip-ft.

7.2  WEATHER CONDITIONS

The test was performed on the morning of July 3, 2018. Weather conditions at the time
of testing were as follows: wind speed: 7 mi/h; wind direction: 195° (vehicle was traveling in a
southerly direction); temperature: 86°F; relative humidity: 71 percent.

7.3  TEST VEHICLE

Figures 7.1 and 7.2 show the 2008 Freightliner CL120 Tractor & 2002 Utility 53ft Trailer
used for the crash test. The vehicle’s test inertia weight was 79,280 1b. The height to the lower
edge of the vehicle bumper was 15 inches, and height to the upper edge of the bumper was 34.5
inches. The height to the ballast’s center of gravity was 72.5 inches. Tables E.1 and Figure E.1
in Appendix E1 give additional dimensions and information on the vehicle. The vehicle was
directed into the installation using a cable guidance system under self-power, and was released to
be freewheeling and unrestrained just prior to impact.

Figure 7.1. PennDOT PA Bridge Barrier/Test Vehicle Geometrics for Test No. 609591-03-3.
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Figure 7.2. Test Vehicle before Test No. 609591-03-3.

7.4 TEST DESCRIPTION

The 2008 Freightliner CL120 Tractor & 2002 Utility 53ft Trailer was traveling at an
impact speed of 61.7 mi/h when it contacted the PennDOT PA Bridge Barrier 1.9 ft downstream
of the edge of Post 15 with the lower rail splice at an impact angle of 25.3°. Table 7.1 lists
events that occurred during Test No. 609591-03-3. Figures E.2 and E.3 in Appendix E2 present
sequential photographs during the test.

Table 7.1. Events during Test No. 609591-03-3.

TIME (s) | EVENTS
0.000 Tractor contacts bridge rail
0.101 Tractor begins to redirect
0.148 Front left tire of tractor lifts off of pavement
0.165 Trailer front right corner contacts rail
0.283 Tractor becomes parallel with bridge rail
0.347 Left front tire lands back on pavement
0.735 Trailer right rear corner contacts rail
0.766 Trailer becomes parallel with bridge rail
0.970 Trailer right rear corner makes furthest penetration to field side
0.973 Left turn indicator comes on and begins blinking
1.258 Tractor Trailer loses contact with bridge rail while traveling at 44.0 mi/h

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 vehicles
other than 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 270 ft downstream of the
impact and 8 ft toward traffic lanes.
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7.5 DAMAGE TO TEST INSTALLATION

Figure 7.3 shows the damage to the PennDOT PA Bridge Barrier. Both top and bottom
rails were deformed upstream of post 5 to post 7. The concrete at posts 4 through 7 was broken
completely through. Working width was 51.9 inches at a height of 130.8 inches. Maximum
dynamic deflection during the test was estimated (all views partially or fully obscured) to be
20 inches, and maximum permanent deformation was 6.5 inches, 43 inches downstream of center
of post 5.

Figure 7.3. PennDOT PA Bridge Barrier after Test No. 609591-03-3.
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7.6  VEHICLE DAMAGE

Figure 7.4 shows the damage sustained by the vehicle. The vehicle sustained damage to
the front bumper, hood, front axle, right front U-bolts and springs, right head light, front right tire
and rim, right door, right fuel tank, right front outer tire and rim on tractor, and right side of
trailer. Maximum exterior crush to the vehicle was 18 inches in the horizontal plane at bumper
height. Maximum occupant compartment deformation was 2.5 inches. Figure 7.5 shows the
interior of the vehicle. Table C.3 and Figure C.41 in Appendix C11 provide exterior crush and
occupant compartment measurements.

Figure 7.5. Interior of Test Vehicle for Test No. 609591-03-3.

7.7  OCCUPANT RISK FACTORS

Data from the accelerometer, located near the 5™ wheel of the Tractor, were digitized
for informational purposes only. The results are shown in Table 7.2. Figure 7.6 summarizes
these data and other pertinent information from the test. Figure E.4 in Appendix E3 shows the
vehicle angular displacements, and Figures E.5 through E.13 in Appendix E4 show
accelerations versus time traces.
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Table 7.2. Occupant Risk Factors for Test No. 609591-03-3. Measure from 5" wheel

Accelerometers
Occupant Risk Factor Value Time
Occupant Impact Velocity (OIV) ft/s
Longitudinal 3.0 a!t 0.1980 seponds on right
side of interior
Lateral 13.5
Occupant Ridedown Accelerations (G's)
Longitudinal -8.9 (0.2158 - 0.2258 seconds)
Lateral 20.5 (0.2394 - 0.2494 seconds)
km/h
Theoretical Head Impact Velocity (THIV) 1:/51 21t dOe' L?Zﬁ tesreig(rmds on right
4.2
Post Head Deceleration (PHD) (G's) 21.2 (0.2393 - 0.2493 seconds)
Acceleration Severity Index (ASI) 1.35 (0.2214 - 0.2714 seconds)
Maximum 50-ms Moving Average (G's)
Longitudinal -24 (0.1760 - 0.2260 seconds)
Lateral -6.9 (0.2569 - 0.3069 seconds)
Vertical 12.8 (0.2009 - 0.2509 seconds)
Maximum Roll, Pitch, and Yaw Angles Degrees

Roll 22 (1.3763 seconds)

Pitch 35 (1.9979 seconds)

Yaw 25 (1.9666 seconds)
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General Information Impact Conditions Post-Impact Trajectory
Test Agency .......cccoceeceeeneen. Texas A&M Transportation Institute (TTI) Speed......cooiiiiiiiie 49.9 mi/h Stopping Distance..............c....... 270 ft downstream
Test Standard Test No........ MASH Test 5-12 Angle .....ccooeiiiiiies ....14.8° 8 ft toward traffic
TTI Test No. ............... .... 609591-03-3 Location/Orientation 23 inches dwnstrm  Vehicle Stability
TestDate.......ccoocvvriiieennn. 2018-07-03 of post 5 Maximum Yaw Angle .................
Test Article Impact Severity ..................... Maximum Pitch Angle ..
TYPE e Longitudinal Barrier - Bridge Rail Exit Conditions Maximum Roll Angle..................
Name......ccoocoeiiiiiicee PennDOT PA Bridge Barrier Speed......cooiiiiiiiiiee 44.0 mi/h Vehicle Snagging.........ccccoeevene
Installation Length............... 149 ft-10 inches Exit Traj./Heading Angle .....4.2°/0.8° Vehicle Pocketing ...........ccceeueee

Material or Key Elements.... 24-inch tall x 18-inch thick reinforced
concrete wall with two HSS 5x4x% rails at
37 inches and 50 inches

Soil Type and Condition ...... Concrete bridge deck, damp

Test Vehicle
Type/Designation ................ 36000V
Make and Model.... .
CUrb oo 28,750 Ib

79.280 Ib
.. None
79,280 Ib

.. 2008 Freightliner CL120 & 2002 Utility 53ft

Occupant Risk Values

Longitudinal OIV.................. 3.0 ft/s
Lateral OIV ......ccccviiiiee 13.5ft/s
Longitudinal Ridedown. 89g¢
Lateral Ridedown ......... ....20.5¢
THIV... ....13.8 ft/s
PHD.... ..212g
ASI e 1.4
Max. 0.050-s Average

Longitudinal............cccc.... -2449

Lateral

Vertical

Test Article Deflections
Dynamic (View Partially

Obscured) .......cceveeiiieniiiieeiiens 20 inches
Permanent ...... ... 7.0 inches
Working Width.............. .... 51.9inches
Working Width Height ................ 130.8 inches

Vehicle Damage
VDS, ..o NA
CDC ..t NA
Max. Exterior Deformation......... 18 inches
OCDI it NA
Max. Occupant Compartment

Deformation ..........cccceeeveenen. 2.5 inches

Figure 7.6. Summary of Results for MASH Test 5-12 on PennDOT PA Bridge Barrier.




Chapter 8. SUMMARY AND CONCLUSIONS

8.1 ASSESSMENT OF TEST RESULTS

The crash testing reported herein was performed in accordance with MASH Tests 5-10, 5-
11, and 5-12, which involves an 1100C and 2270P vehicle impacting the PennDOT PA Bridge
Barrier at a target impact speed and impact angle of 62 mi/h and 25°, respectively, and a 36000V
vehicle impacting the PennDOT PA Bridge Barrier at target impact speed and impact angle of
50 mi/h and 15°, respectively. An assessment of the tests based on the applicable safety
evaluation criteria for MASH Tests 5-10, 5-11, and 5-12 for longitudinal barriers are provided in
Table 8.1, 8.2, and 8.3.

8.2  CONCLUSIONS

The PennDOT PA Bridge Barrier performed acceptably for MASH Tests 5-10, 5-11, and
5-12 for longitudinal barriers.
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Table 8.1. Performance Evaluation Summary for MASH Test 5-11 on PennDOT PA Bridge Barrier.

Test Agency: Texas A&M Transportation Institute

Test No.: 609591-03-1

Test Date: 2018-06-28

MASH Test 5-10 Evaluation Criteria Test Results Assessment
Structural Adequacy
A. Testarticle should contain and redirect the vehicle or | The PennDOT PA Bridge Barrier contained and
bring the vehicle to a controlled stop; the vehicle redirected the 2270P vehicle. The vehicle did
should not penetrate, underride, or override the not penetrate, underride, or override the Pass
installation although controlled lateral deflection of installation. The dynamic deflection of the
the test article is acceptable. bridge rail during the test was 0.7 inches.
Occupant Risk
D. Detached elements, fragments, or other debris from No detached elements, fragments, or other debris
the test article should not penetrate or show potential | were present to penetrate or show potential for
for penetrating the occupant compartment, or present | penetrating the occupant compartment, or to Pass
an undue hazard to other traffic, pedestrians, or present hazard to others in the area.
personnel in a work zone.
. . . . Maximum occupant compartment deformation
Deformations of, or intrusions into, the occupant : i
compartment should not exceed limits set forth in was 3.0 inches on the passenger side at the floor Pass
Section 5.2.2 and Appendix E of MASH. pan to roof, and wheel/foot well and toe pan area
measurements.
F.  The vehicle should remain upright during and after The 2270P vehicle remained upright during and
collision. The maximum roll and pitch angles are not | after the collision event. Roll and pitch angles Pass
to exceed 75 degrees. were 4° and 4°, respectively.
H. Occupant impact velocities (O1V) should satisfy the Longitudinal OIV was 19.4 ft/s, and lateral OIV
following limits: Preferred value of 30 ft/s, or was 28.2 ft/s. Pass
maximum allowable value of 40 ft/s.
I.  The occupant ridedown accelerations should satisfy Longitudinal occupant ridedown acceleration
the following limits: Preferred value of 15.0 g, or was 3.2 g, and lateral occupant ridedown Pass

maximum allowable value of 20.49 g.

acceleration was 6.7 g.
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Table 8.2. Performance Evaluation Summary for MASH Test 5-10 on PennDOT PA Bridge Barrier.

Test Agency: Texas A&M Transportation Institute

Test No.: 609591-03-2

Test Date: 2018-06-26

MASH Test 5-10 Evaluation Criteria Test Results Assessment
Structural Adequacy
A. Testarticle should contain and redirect the vehicle or | The PennDOT PA Bridge Barrier contained and
bring the vehicle to a controlled stop; the vehicle redirected the 1100C vehicle. The vehicle did
should not penetrate, underride, or override the not penetrate, underride, or override the Pass
installation although controlled lateral deflection of installation. There was no observable dynamic
the test article is acceptable. deflection or residual permanent deformation of
the bridge rail.
Occupant Risk
D. Detached elements, fragments, or other debris from No detached elements, fragments, or other debris
the test article should not penetrate or show potential | were present to penetrate or show potential for
for penetrating the occupant compartment, or present | penetrating the occupant compartment, or to Pass
an undue hazard to other traffic, pedestrians, or present hazard to others in the area.
personnel in a work zone.
Deformations of, or intrusions into, the occupant Maximum occupant compartment deformation
compartment should not exceed limits set forth in was 3.0 inches in the passenger side foot well Pass
Section 5.2.2 and Appendix E of MASH. area.
F.  The vehicle should remain upright during and after The 1100C vehicle remained upright during and
collision. The maximum roll and pitch angles are not | after the collision event. Maximum roll and Pass
to exceed 75 degrees. pitch angles were 8° and 12°, respectively.
H. Occupant impact velocities (O1V) should satisfy the Longitudinal OIV was 22.3 ft/s, and lateral OIV
following limits: Preferred value of 30 ft/s, or was 34.1 ft/s. Pass
maximum allowable value of 40 ft/s.
I.  The occupant ridedown accelerations should satisfy Longitudinal occupant ridedown acceleration
the following limits: Preferred value of 15.0 g, or was 7.9 g, and lateral occupant ridedown Pass

maximum allowable value of 20.49 g.

acceleration was 9.7 g.




Table 8.3. Performance Evaluation Summary for MASH Test 5-12 on PennDOT PA Bridge Barrier.

€0-165609 ON d.L
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Test Agency: Texas A&M Transportation Institute Test No.: 609591-03-3 Test Date: year-mo-da
MASH Test 5-12 Evaluation Criteria Test Results Assessment
Structural Adequacy
A. Testarticle should contain and redirect the vehicle or | The PennDOT PA Bridge Barrier contained and
bring the vehicle to a controlled stop; the vehicle redirected the 36000V vehicle. The vehicle did
should not penetrate, underride, or override the not penetrate, underride, or override the Pass
installation although controlled lateral deflection of installation. The dynamic deflection of the
the test article is acceptable. bridge rail during the test was 7.0 inches.
Occupant Risk
D. Detached elements, fragments, or other debris from No detached elements, fragments, or other debris
the test article should not penetrate or show potential | were present to penetrate or show potential for
for penetrating the occupant compartment, or present | penetrating the occupant compartment, or to Pass
an undue hazard to other traffic, pedestrians, or present hazard to others in the area.
personnel in a work zone.
Deformations of, or intrusions into, the occupant Maximum occupant compartment deformation
compartment should not exceed limits set forth in was 2.5 inches. Pass
Section 5.2.2 and Appendix E of MASH.
G. Iltis preferable, although not essential, that the vehicle | The 36000V vehicle remained upright during and Pass
remain upright during and after collision. after the collision.

LT-60-810C




Table 8.4. Assessment Summary for MASH TL-5 Tests
on PennDOT PA Bridge Barrier.

Evaluation Evaluation Test No. Test No. Test No.
Factors Criteria 609591-03-2 609591-03-1 609591-03-3
Structural
Adequacy A S 5 5
D S S S
F S S N/A
Occupant
Risk G N/A N/A S
H S S N/A
| S S N/A
Test No MASH Test MASH Test MASH Test
’ 5-10 5-11 5-12
Pass/Fail Pass Pass Pass
S = Satisfactory
U = Unsatisfactory
N/A = Not Applicable
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Scale 1:40

Sheet 4 of 9

Rail Details

2018-05-17
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New Concrete Cross Section TP
- - <+ O
i 3-1/4"
R1"—,
See5b ™ :
* 24-1/2"
. Moment Slab (some existing and
.-“'I some new; see Plan View on sheet 2) o4
.I|IIII
|l."llI [ o
/ / A
an — o J o l'\"\ a a \_4;1; o"
1 Deck
¥ o
» i 14
- 79" » —See 5b
Wall 31"
Working Slab stops here at—,
existing Concrete. See 5Se "\.\
5
\
10" — @ Working Slab
o SN : AN
& ..:'\"/'i p (AN / AN Y
> "\.\ ; 3 Ay % ,’I - ; 2N
12" —= - 24" ——»= Soil—
-« 12-0" -

5a. Note 1/2" slope at top of Barrier and 1" slope on traffic face.

5b. R1"Fillet at front edge of Barrier. Chamfer 3/4" each way at back of
Deck and Barrier, four places total.

5c. Rake finish construction joint between Barrier and Deck.

5d. The concrete strength shall be as follows: Working Slab and Moment
Slab: minimum 3000 psi. Wall and Deck: 4000 psi. Barrier 3500 psi.

5e. Working Slab 12" overhang on the traffic side of the Wall is only at the
new Moment Slab sections.

g Transporati
rans datron
A it

Project 609591
Drawn By GES

Scale 1:20 Sheet 50of9

Roadside Safety and
Physical Security Division -
Proving Ground

PennDOT PA Bridge Barrier 2018-05-17
New Concrete Cross
Section

T:\1-ProjectFiles\609521-G-F WO #2 - Bullard\Drafting, 60959112018-05-17\609591 Drawing
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Rebar Placement

Section H-H and Detail J on following sheets

Joint in Barrier only — Joint in Barrier only—-_ H-—y G-y P___7(—Joint in Barrier and Deck
%, g )
‘ \i ‘ 7 ./ \
! | | l‘r il ] _I
[ X 7 -
i e o i e ettt e i, el i i
, , H - Gas X By
Elevation View N g
o T ox
Threaded Rod, @1 1/8" x 22" = T o
ASTMF 1554 Grade 105 KSI  \  Fe—t=9 _3.9/4"
N L |
@1/2" (#4) Rebar @ 12" — @1/2" (#4) rebar ' 5 0"
in top mat in Moment Slab 1\, @1/2" (#4) Rebar @ 10-1/2" —\ (6) in Parapet | 4.3/4"
bare steel \ in top mat in Deck \ Pr—
\ nchor Plate—___ y i
N\ #6 Hook Bar @ 6"—, \_ Nut, 1-1/8 heavy hex (2)—] , 12-3/4
L bar (A) @ 12" \-.\ 2-1/2" cover \'\\ "\.\ ASTM A 563 17"
| % 7 3" cover | o0.3/4"
| I\ 5
z TN GO -Wz//// ,A O RTINS e
, /! 7 //T‘//V"///‘Z"//.‘/‘V :
#4 Dowel Pins ,f'f : \ i
12" Long, 12" on center 2 —#6 L-bar@ 7" L 2" cover
6" embeded into existing slab ) \
®1/2" (#4) Rebar (x 6) as—" —@5/8" (#5) Rebar @ 7" in — 2" cover
bottom mat in Deck and as AJ

shown in Wall - bare steel 5

shown in Wall
@ 12"—

1-1/2" cover *

¢ !

— @ 12"

o]

B3 8 0 T T (7 A 8 (S 7 O 'L;/—K-;é-;/ o 2 iy pte 3 et o /.

55 J Section G-G A S P
cover Scale 1: 20 - Typical in new Rebar, @5/8" @ 12 Rebar, ©5/8"x 11-6" @ 12
Moment Slab at each end of bare steel bare steel
installation (see Plan View, sheet 2)
Texas A&M Roadside Safety and
6a. Minimum rebar lap is 31" for #5 bars, 35" for #4 bars in the Barrier, and /“ Transportation Physical Security Division -
25" for all other #4 bars. Al institute Proving Ground
6b. All rebar is grade 60, and epoxy coated unless otherwise indicated. Project 609591 PennDOT PA Bridge Barrier 2018-05-17

Drawn By GES Scale1:200 Sheet 6of9 Rebar Placement

T:\1-ProjectFiles\609591-G-F WO #2 - Bullard\Drafting, 60959112018-05-17\609591 Drawing
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Section H-H

See7a

Existing Moment Slab

| —Anchor Bar - see 7d

/ ," '_,..—L‘B Hook Bar @ 6"

_—L-bar (B) @ 12"
L-bar (B) @ 12"

7a. Section H-H is typical at existing Moment Slab. Details not shown
are same as Section G-G (previous sheet).

Th. Minimum rebar lap is 31" for #5 bars, 35" for #4 bars in the Barrier,
and 25" for all other #4 bars.

Tc. All rebaris grade 60, and epoxy coated unless otherwise indicated.

7d. The Anchor Bars weld to existing rebar (not shown here) protruding
from the runway. Minimum 3" weld, bars at maximum 18" spacing.

“—Rebar, $5/8"x 10-6" @ 12"
bare steel

= Texas A&M Roadside Safety and
/ Transportation ~ Physical Security Division -
Al institute Proving Ground

Project 609591 PennDOT PA Bridge Barrier 2018-05-17
Drawn By GES Scale 1:20 Sheet 7of9 Section H-H

T:\1-ProjectFiles\609591-G-F WO #2 - Bullard\Drafting, 60959112018-05-17\609591 Drawing
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- 91" -
I //< ) \
. #6 Hook Bar 4-112 —L
N B4.1/2" 299 needed .
#6 L-bar e P Pl
256 needed '
et 73" |
1_ — 1
36" f_—h— @ 4-1/2"
e . 13-10" v
. : i
L-bar (A) B 3-3/4" —A&
bare steel - 46 needed 13"
31" (= 28" ___i //ﬁ' i
[
v L o~ !
_ - Y 4
D 3/4" ] -— " @3-34"—
S = _"' % Stirrup 34
'ﬁ Y\ 122 needed
| o] 31"
sl L $3-3/4 28
25" L-bar (B)
bare steel D4" Typ —, U _ Y
Anchor Bar 46 niesded Y
bare steel | \ —D-l t— 0 5/8"
67 needed 1 . S} 1 '
\ . peg 12— B1/2" —o! e

— — H5/8"

9a. All rebar is grade 60, and epoxy coated unless otherwise indicated.

g Transporati
rans; airon
A it

Project 609591
Drawn By GES

Scale 1:10

PennDOT PA Bridge Barrier
Sheet 90of 9

Roadside Safety and
Physical Security Division -
Proving Ground

2018-05-17

Rebar Bends

T:\1-ProjectFiles\609591-G-F WO #2 - Bullard\Drafting, 60959112018-05-17\609591 Drawing
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7 Barrier

P1a

=T

- Ty
2U18=Ub=0>

“Deck

—Moment Slab
D5 and D&
Poured :

3 Pours, E

2018-05-31

/‘—' Texas A&GM PhRoad sisda Safetg and
Transportation ysical Security Division -
A |nstitute Proving Ground

Project #609591 PenDOT 2018-05-31
Drawn by GES ~ Scale 1:35  Sheet 1 of 5 Concrete map, and view
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Section A-A

= Texas A&M Roadside Safety and
/ Transportation Physical Security Division -
Al institute Proving Ground

Project #609591 PenDOT 2018-05-31
Drawn by GES Sheet 2 of 4 Concrete Map, working slab
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WARNING
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SOUTH REGION/MAIN OFFICE
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SOUTH REGION/MAIN OFFICE
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RETURNED TO PLANT LEFT JOB FINISH UNLOADING ON SIE TESTING AIR TEMP =%
Frew| AMT
TESTING LAB: Ticket Total
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o =
r,’?./ ) O ADDITIONAL CHARGE 1
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TrUCK Driver Uaer Diap TItket Num-Tickev ID Time Dace
390141 424514 user 200126786 12622 G: 28 BD&Z15RB
Load Size L Mix Code Returned Qty Mix Age Seq L H @) »
10,00 LYDS ' CLCLS! - D P2/ ;
Mainrin Deston Gty Fequired Balched %V B M oinkre A chues vl
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SORAVELIT 430 i [ i:] 5250 b * L55% aATshM E g
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A clust hum Baiches: i t
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3/4x12 Bolt

= Vulcan Threaded Products
o= 10 Cross Creek Trail
u Ean Pelham, AL 35124 JOB MATERIAL CERTIFICATION
Tel (205) 620-5100
THREADED PRODUCTS, INC.  Fax(205) 620-5150
Job No: 545630 Job Information Certified Date: 8/20/17
Containers: S12836328 4&%
. . 18080 Al Hwy 21
Customer: AmeriBolt, Inc Ship Te: Sycamare, AL 35149
Vulcan Part No: ATR F1554-55 3/4x12 HDG
Customer Part No: ATR F1554-85 3/4x12 HDG
Customer PO No: 0075668 =0 Shipped Qty: 60 Ft
Order No: 338482 Line No: 2
Note: TRENVI5 X/ED0
' Applicable Sﬁaclﬂcallons
Type Speclfication Rev Amend Option
- ASTM F1554 Gd 55 2015
Test Results
Part No: ATR F1554-55 3/4x12 - 2A
Test No: 44335 Test: F1554-55 Physical Reaults1
Description Tensile (ksi) Yield (ksi) Elongation (%) Elongation GL (in) Reduction of Area (%} Note
81 71 27 4D 63
Caertified Chemical Analysis
Heat No: DL17104915 Lot: .718 Origin: USA
[+] Mn P S Si Cu
0.160 0.64 0.006 0.024 0.20 0.24
i} Cr Mo v Chb FR
0.08 0.10 0.02 0.004 0.004 1206:1
Notes
No welds, no Marcury were usad in production of this material. Melled and tured In the USA.
Document is In accordance with EN 10204 - 3.18 of 2004 (3.1).
;;% : : E " { Br20M1T
Griffin, Mitchell - Certification Engineer Date

Plex 8/29/17 7:35 AM vulc.mgri Page 1

TR No. 609591-03 78

2018-09-27




€0-165609 ON d.L

6L

LT-60-810C

SSAB

12400 Highway 43 North, Axis, Alabama 36505, US

H1A 85550, 85551, 85552
Test Certificate

Form TC1: Revision 2. Dale 23 Apr 2014

Customer P.0.No.:HOU-8544

| Mill Order No. 41-522620-05

| Shipping Manifest: AR255323

Customer:
CHAPEL STEEL CO Product Description: ASTM A572-50/M345(15)/A709-50/M345(17) Ship Date: 11 Dec 17 | Cert No: 081637479
PO BOX 1000 TYPE 2, .010% MAX S Cert Date: 11 Dec17 |(Page 10of 1)
LCVN 20 FT.LBS @ -22F/AG73-H
SPRING HOUSE
P 77
A0 3 Size: 1.000 X 120.0 X 480.0 (IN)
Tested Pieces: Tensiles: Charpy Impact Tests
Heat Piece |Piece Tst| ¥YS | UTS |%RA | Elong % | Tst | Hardness | Abs. Energy(FTLB) % Shear Tst | Tst | Tst BDWTT
Id Id Dimensions Loc| (KSI) | (KSI) 2in  Bin | Dir 1 2 3 Avg |1 2 3 Avg |Tmp| Dir | Siz Tmp %Shr
E7L024 Al4 1.001 (DISCRT) |L 56 74 25 |T 61 96 72 76 -22F L 10.
Heat Chemical Analysis
Id c Mn P s Si__ TotAl SolAl _Cu Ni Cr Mo ch v T nw ORGN
[E7L024 [46__[1.05 [.011 Jo01 |20 o027 026 J24 Jo8 [11 03 o002 Jo4z [002 [39 | USA
KILLED STEEL
MERCURY IS NOT A METALLURGICAL COMPONENT OF THE STEEL AND NO MERCURY WAS INTENTIOMALLY ADDED DURING THE MANUFACTURE
OF THIS PRODUCT.
KILLED STEEL, PRODUCED TO A FINE GRAIN PRACTICE
CEV (IIW) = C + MN/6 + (CR+MO+V)/S + (NI+CU)/15
MTR EN 10204:2004 INSPECTION CERTIFICATE 3.1 COMPLIANT
100% MELTED AND MANUFACTURED IN THE USA.
PRODUCTS SHIPPED:
ETL024 Al4 PCES: 3, LBs: 49005
Material provided by:
G
WE HEREBY CERTIFY THAT THIS MATERIAL WAS
[ Cust Part # TESTED IN ACCORDANCE WITH, AND MEETS THE —Justin Ward

REQUIREMENTS OF, THE APPROPRIATE SPECIFICATION SENIOR METALLURGIST

- PRODUCT




ArcelorMittal Burns Harbor Plate

TR No. 609591-03

QUALITY ASSURANCE US HWY 12 Burns Harbor, Indiara
REPORT OF TEST AND ANAYLSES
SHIPMENT KO, DATE SHIPPED CAR OR VEHICLE NO,
B8GA-09695 03-06-17 | CUSTOMER TRUCK T RICH PAGE
. SUNBELT GROUP L P i SUNBELT GROUP L P
0 1990 POST OAK BLVD SUITE 950 H C/0 ARROW STEEL PROCESSORS
t| HOUSTON TX 77056-3813 | 8710 CLINTON DR
! I| HOUSTON TX 77547
0 T
$ SERIAL ;?.T HEAT “.rés, THICKNESS | WIDTHOR DA LENGTH [ wesHt | ml m“]m IR.ED
£ - INCHES INCHES INCHES POUNDS PSI PSI IN % %
QUALITY STEEL MELTED & MANUFACTURED IN THE U. S. A.
PLATES - AASHTO M270-12 GR 50 KLD FINE GRAIN
PRAC NO IMPACTS REQUIRED TYPE 2,
ASTM A709-07 GR 50, ASTM AS572-06 GR
50, ASME SA572 GR 50 2013 EDITION
MFST - MFST MILL SERIAL# & PATTERN# MFST PROC ON
GHB820-5721A LIFT MAX 15 TON-SIZES & GRADES SEP
UNLDG FORK LIFT-SIDE FOR ULTIMATE DELIVERY
LATER
co# 23.127 GH 403-1151a
8115806140 1 1 96 240 6534 56100 80800 8 24
60100 80400 8 26
B55205904 z
811806140 1 1 96 240 6534 56100 80800 B8 24 ;
e 60100 80400 8 26
B55206001 =
811506140 1 1 96 240 6534 56100 80800 8 24 d
60100 80400 8 26 =
B55206003 oo
93]
~]
(O%]
(W)
G-GUENGH TEMPERATURE T-TEMPER TEMPERATURE N-NORMALIZE TEMPERATURE
SeeET LES | sewm  [Mer HILE
SERIAL PAT|  HEAT WA | peno e SR p— SHEAR(®) [
Ty T - INCHES m?||z]s||2|a g | 2§ 3
T CHEMICAL ANALVSIS TWGUAID
amaser o [ w | » | s | 8] o |8 |o]w] v] n]a] s | ol e [T
811806140 .18 1.20 .013 .003 .273.018 .01 .02.005.055.002.030.0002 .002.003.003

HT# 811506140

Muperial provided by

g

1 corsty thet tho above resulls an & rue end cormoct copy of actus! maults contained In
of the spocth

“This %os! report connat bo alered end musl be Y

BHPLTRPT.TIF

ale|d eseq

80

P
R. SPANGLER II LSS

2018-09-27
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AOH 85647

MNLIC=CIFS MILL TEST CERTIFICATE adt
1700 HOLT RD N.E.
NuCcORrR STEEL TUSCALOOSA, INC. Tuscaloosa, AL 35404-1000
800 800-8204
customerservice@nucortusk. com
Load Number Tally IH'i'H Order Number PO NO [ Line NO Part Number Certificate Number Prepared
R152486 00000000724815 ]N—154?33—001 V10881Q217 01 S572481501-1 04/30/2017 16:58
Grade Customer :
Order Description: Sold TO:

Hot Rol11 Plate From Coil

A36, 0.2500 IN x 96.000 IN x 480.000 IN
Quality Plan Description:
A3IGMODMN-TRIPLE: ASTM A36-14/A709-36-15/ASME SA36-13 MOD MN

Ship TO:
Sent TO:

LEECO STEEL LLC Lisle IL

LEECO STEEL LLC Hudson TX

Shipped | Certified Heat Yield | Tensile | Y/T | ELONGATION % | Bend | Hard Charpy Impacts (ft-1bs) Shear % Test
Item By Number ksi ksi % V1 8" OK? HB |Size mm 1 2 3 Avg 2 3 Avg Temp
703213F | 5703213M7T | 8704224 **+ [ 49.4 | 6s.5 [ 75.4 | 312 | | [ [ | [

Items: 10 PCS:

50 Weight:

163353 LBS

Mercury has not come in contact with this p

PASSED plate from coil

during the f

IS0 8001:2015 Registered, PED Certified

*** indicales Heals melted and Manufactured in the U.S.A.

ing process nor has any mercury been used by the
manufacturing process. Certified in accordance with EN 10204 3.1. No weld repair has been performed on this material.
Material conforms to NACE MR0O175 Annex 2.1.2 Manufaclured to a fully killed fine grain practice. NUTEMPER TEMPER

We hereby certify that the product described above passed all of the tests required
by the specifications.

D e

=

T Quilin Yu - Metalldrgist
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MNLJC IR MILL TEST CERTIFICATE  AOH 85647

Nucor STEEL TUSCALOOSA, INC. Tuscaloosa, AL 35404-1000
800 800-8204
customerservice@nucortusk. com

Load Number Tally |Mi11 Order Number PO NO | Line NO ]Part Number Certificate Number Prepared
R152486 00000000724815 |N-154733-001 V10881Q217 01 | S72481501-1 04/30/2017 16:58
Grade Customer:
Order Description: Sold TO:

Hot Rol11 Plate From Coil LEECO STEEL LLC Lisle IL
A36, 0.2500 IN x 96.000 IN x 480.000 IN Ship TO:
Quality Plan Description: LEECO STEEL LLC Hudson TX
A3GMODMN-TRIPLE: ASTM A36-14/A709-36-15/ASME SA36-13 MOD MN Sent TO:

Shipped Heat/Slab Certified C Mn P S Si Cu Ni Cr Mo Cb A Al Ti N2 B Ca Sn CEV | ACI

Item Number By

Anchor Plate

4

LT-60-810C

7032128 | B7Q4224-02 *** | B7Q4224 | 0.18 | 0.84 |0.013{0.006]| 0.06 | 0.18 | 0.06 | 0.08 |0.019]/0.001|0.003|0.031|0.001|0.007 | 0.0001 | 0.0018 |0.006| 0.36
703212C | B7Q4224-02 ***| B7Q4224 | 0.18 | 0.84 |0.013[0.006]| 0.06 | 0.18 | 0.06 | 0.08 |0.019]|0.001|0.003|0.031|0.001}0.007 | 0.0001 | 0.0018 |0.006| 0.36
7D3212D0 |B7Q4224-02 ***| B7Q4224 | 0.18 | 0.84 |0.013|0.006| 0.06 | 0.18 | 0.06 | 0.08 |0.019]0.001|0.003]|0.031]|0.001]0.007]0.0001 | 0.0018 |0.006| 0.36
7D3212E B7Q4224-02 *** | B7Q4224 | 0.18 | 0.84 |0.013|0.006| 0.06 | 0.18 | 0.06 | 0.08 |0.019]0.001{0.003]0.031]/0.001|0.007 | 0.0001 | 0.0018 |0.006( 0.36
703212F B7Q4224-02 ***| B7Q4224 | 0.18 | 0.84 |0.013|0.006| 0.06 | 0.18 | 0.06 | 0.08 |0.019{0.001{0.003]0.031]0.001|0.007 | 0.0001 | 0.0018 |0.006( 0.36
7032138 B7Q4224-01 ***| B7Q4224 | 0.18 | 0.84 |0.013|0.006| 0.06 | 0.18 | 0.06 | 0.08 |0.019]0.001|0.003|0.031|0.001|0.007|0.0001 | 0.0018 |0.006| 0.36
703213C 87Q4224-01 *** | B7Q4224 | 0.18 | 0.84 |0.013|0.006| 0.06 | 0.18 | 0.06 | 0.08 |0.019]0.001|0.003]|0.031|0.001|0.007|0.0001 | 0.0018 |0.006| 0.36
7032130 | B7Q4224-01 ***| B7Q4224 | 0.18 | 0.84 |0.013{0.006| 0.06 | 0.18 | 0.06 | 0.08 |0.019]0.001|0.003|0.031|0.001|0.007 0.0001 | 0.0018 |0.006| 0.36
7D3213E B7Q4224-01 *** | B7Q4224 | 0.18 | 0.84 [0.013{0.006| 0.06 | 0.18 | 0.06 | 0.08 |0.019|0.001{0.003]0.031|0.001[0.007 | 0.0001 | 0.0018 [0.006 0.36
7D3213F |B7Q4224-01 *** | B7Q4224 | 0.18 | 0.84 |0.013|0.006| 0.06 | 0.18 | 0.06 | 0.08 |0.019|0.001{0.003}0.031]/0.001|0.007| 0.0001 | 0.0018 |0.006| 0.36

Materlal provided by:

HT# B7Q4224

Mercury has not come in contact with this product during the manufacturing process nor has any mercury been used by the We hereby certify that the product described above passed all of the tests required

manufacturing process. Certified in accordance with EN 10204 3.1. No weld repair has been performed on this material, by the specifications.
Material conforms to NACE MRO0175 Annex 2.1.2 Manufactured to a fully killed fine grain practice. NUTEMPER TEMPER

PASSED plate from col P e
1SO 9001:2015 Registered, PED Certified “BF Quilin Yu - Metalidrgist

*** indicates Heats melted and Manufactured in the U.S.A.
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Plate Washers

SSAB

12400 Highway 43 North, Axis, Alabama 36605, US

AOK 85022
Test Certificate

Form TC1: Revision 2: Date 23 Apr 2014

Customer P.0.No.:HOU-8540

[ Will Order No. 41-522186-03 [Shipping Manifest: AR256400 |

Customer:
CHAPEL STEEL CO Product Description: ASTM A3B(14)/AT09(17)35/ASME SA36(17) Ship Date: 27 Dec 17 | Cert No: 081640040 |
PO BOX 1000 AASHTO M270(15)36 Cert Date: 27 Deci7 |(Page 1of 1) 1
SPRING HOUSE
it Size: 0.375 X 120.0 X 480.0 (IN)
Tested Pieces: Tensiles: Charpy Impact Tests
Heat Piece |Piece Tst|] YsS %RA [ Elong % | Tst | Hardness | Abs. Energy(FTLB) % Shear Tst | Tst | Tst BDWTT
Id id Dimensions Loc| (KSI) | (KSI) 2in  8in | Dir 1 2 3 Avg |1 2 3 Avg |Tmp| Dir | Siz Tmp %Shr
E7L229 A16 L. |50 69 -
7L230 (A28 L |53
M7L714 D11 L j48
L740 AT L |49 68
741 A3 L |57 70
L741 A34 L |53 67
Heat
c NI Ti B N Oﬂ%
E7L229 .19 .16 014 I USA
M7L230-A28 .18 A1 012 USA
M7L714-D11 A7 A2 .020 USA
W7L740 18 15 015 USA
L741 18 .14 012 USA

KILLED STEEL
MERCURY IS NOT A METALLURGICAL COMPONENT OF THE STEEL AND NO MERCURY WAS INTENTIOMALLY ADDED DURING THE MANUFACTURE
OF THIS PRODUCT.
MTR EN 10204:2004 INSPECTION CERTIFICATE 3.1 COMPLIANT
100% MELTED AND MANUFACTURED IN THE USA.
PRODUCTS SHIPPED:

WIL741 A33 PCES: 7, LBS: 42882 ETL229 Al6 PCES: 1, LBS: 6126
WIL740 A17 PCES: 2, LBS: 12252 M71.230 A28 BCES: 6, LBS: 36756
MTL714 D11 PCES! 3, LBS: 18378

WE HEREBY CERTIFY THAT THIS MATERIAL WAS ]
® Cust Part #: TESTED IN ACCORDANCE WITH, AND MEETS THE —lustin Ward

REQUIREMENTS OF, THE APPROPRIATE SPECIFICATION SENIOR METALLURGIST - PRODUCT
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Wide Flange Beam

CERTIFIED MATERIAL TEST REPORT Page I/
CUSTOMER SHIP TO CUSTOMER BILLTO GRADE SHAPE / SIZE DOCUMENT 1D:
& ER&A“ KLOECKNER METALS US KLOECKNER METALS CORPORATION | AS92/AST2:50 :::: Flange Beam / 8 X 3087 200 | 000000000
2 ' |souTH LooP 4 500 COLONIAL CENTER PKWY -
BUDA,TX 78610 ROSWELL,GA 30076-8853 LENGTH PCS WEIGHT HEAT / BATCH
US-ML-MIDLOTHIAN USA USA AT [ 1160 L8 S907TT19A3
300 WARD ROAD
MIDLOTHIAN, TX 76065 SALES ORDER CUSTOMER MATERIAL N* SPECIFICATION / DATE or REVISION
USA 5940437000070 BSIIWE01400 ASTM AB-14
ASTM A709-15
CUSTOMER PURCHASE ORDER NUMBER BILL OF LADING DATE ASTM AS-11 (2015), AST2-AS
7223194 1327-0000261173 127202017 Lol L i R
CHEMICAL COMPOSITION ¥
Ky & % R 4 ) b 4 4
007 0.82 0.026 0.024 0.15 0.34 0.09 0.19 0.017 0.006 0.001 0018 0.003
CHEMICAL COMPOSITION
EqyA6
0.28
MECHANICAL mo‘zmnes —
A YR e f
54823 72151 78 498 0.760 R.000
56661 71943 391 496 0.790 R.000
MECHANICAL PROPERTIES
G/ Elwg,
mm
200.0 25.10
200.0 25.10
COMMENTS | NOTES
The shove figures are certified chemical and physical test records as d inthe records of We cestify that these data are correct and in compliance with

/(4'\& BHASKAR YALAMANCHI!
iy sy

Phone: (409) 769-1014 Email: Bhaskar, Yalamanchili @ gerdau.com

specified requirements. This materiol, including the billets, was melied and munulactured in the USA. CMTR complies with EN 10204 3.1,
”

.

Y 7
LAk ,{ L WADE LUMPEINS
QUALITY ASSURANCE MGR.

Phoae: 972-779.3118  Emsill: Wade Lumpkins @ perdau.com
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We hereby certify that the test results presented here

CMC STEEL TEXAS CERTIFIED MILL TEST REPORT are accurate and conform to the reported grade specification
1 STEEL MILL DRIVE For additional copies call
SEGUIN TX 78155-7510 830-372-8771 ';5‘..7 /’./ ?’
® TOMMY HEWITT
1 SER‘ES-BPS Quality Assurance Manager
HEAT NO.:3067587 S | Delta Steel Inc S | Delta Steel Inc Houston Div | Delivery#: 82115476
SECTION: CHANNEL 3"x6.0# 40°0" o] H BOL#: 72095406
A36/52950 L | 7355 Roundhouse Ln I |7355 Roundhouse Ln » CUST PO#: DHO-151547
GRADE: ASTM A36-14/A529-14 Gr50 D | Houston TX P | Houston TX CUST PIN:
ROLL DATE: US 770784528 US 77078-4528 DLVRY LBS / HEAT: 9360.000 LB
MELT DATE: 12/03/2016 T | 7136238080 T | 7136351200 DLVRY PCS | HEAT: 39 EA
Cerl. No.: 82115476 / 06758TAB32 0 | 7136350048 O | 7136350048
Characteristic  Value Characteristic Value Characteristic Value
C  0.45% Yield Strength test 2 53.2ksi
Mn  0.68% Tensile Strength test 2 75.3ksi
P 0.023% Elongation test2  27%
S 0.036% Elongation Gage Lgth test2  8IN
Si 0.23% Yield to tensile ratio test2  0.71
Cu 0.35%
Cr  0.45% '
Ni  0.09%
Mo  0.027%
vV 0.013%
Cb  0.002%
Sn 0.012% The Following is true of the material represented by this MTR:
Al 0.000% "Malavial is fully kived
Carbon Eq A529 0.37% *100% makted snd rofled in the USA
EN10204:2004 3.7 complent
Yield Strength test 1 51.9ksi "Contains no weld mpair
Tensile Strength test 1 73.1ksi *Contains no Mercury contaminalion
Elongation test 1 33% Marutacturod in accordance with the lates! version |
Elongation Gage Lgth test1  8IN of the plani quakty manual
Yield to tensile ratio test1 0,71 “Moets the "Buy Amenica” requirements of 23 CFRE35.410

REMARKS :
ALSO MEETS ASTM GRADE A36, A529-50, A572-50, AT09-36, A709-50, A992, AASHTO M270-36, M270-50, CSA G40.21-04 44W, S0W

06/22/2017 00:28:33
Page 10F 1

1o | abeg

185/90€ :ON JeaH
S)NSaY 1S9 [N 4O B}edlIIaD
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CERTIFIED MATERIAL TEST REPORT

Page U1
CUSTOMER SHIP TO CUSTOMER BILLTO GRADE SHAPE / SIZE DOCUMENT 1D
G ERQ ﬁu KLOECKNER METALS US KLOECKNER METALS CORPORATION | AS9Z/AST2-50 Wide Flange Beam / 8 X 248 /200 [0000000000
* | souTH LoOP 4 500 COLONIAL CENTER PKWY X359
BUDA,TX 78610 ROSWELL GA 300768853 LENGTH PCS WEIGHT HEAT / BATCH
US-ML-CARTERSVILLE USA USA 4000° 10 9,600 LB 55053188/02
384 OLD GRASSDALE ROAD NE
CARTERSVILLE, GA 30121 SALES ORDER CUSTOMER MATERIAL N* SPECIFICATION / DATE or REVISION
USA 6155134000010 BR24W401400 ASTM AG-17
ASTM ATD9-17
CUSTOMER PURCHASE ORDER NUMBER BILL OF LADING DATE ASEMATIAL LT, AST2AS
7243904 1323-0000106083 02212018 CIACAOD1- 13 IASWM
CHEMICAL COMPOSITION ;
g g 3 Yo%
0.09 1.14 0.015 0,025 028 0.27 0.12 0.08 0.030 0.008 0.000 0.012
MECHANIC?I‘; PROPERTIES "
'p‘}F% m hﬁa W‘&mn E:IE
54200 76600 174 528 0.710 2.000
55200 76800 181 530 0.720 8.000
MECHAHICAE.I PROPERTIES
20.80
21.20
COMMENTS / NOTES
The above figures are certified chemical and physical test records as ined in the records of ‘We centify that these datz are comect and in compliance with

M‘ a: BHASKAR YALAMANCHILT
%— QUALITY DIRECTOR

Phone: (409) 765- 1014 Email: Blaskor. Yalamanchili @ gerdau.com

specified requirements. This material, including the billets, was melied ond manufoctured in the USA. CMTR complies with EN 10204 3.1.

“ YANWANG
QUALITY ASSURANCE MOR

Phone: (T70) 387 5718 Email: yan.wang @ gerdau.com
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J We hereby certify that the test resulls presented here
ey CMC STEEL TEXAS CERTIFIED MILL TEST REPORT are accurate and conform to the reported grade specification

1 STEEL MILL DRIVE For additional copies call X
SEGUIN TX 78155-7510 830-372-877T1 Q
.
TONMY HEWITT
Quality Assurance Manager
HEAT NO.:3078581 5 | CMC COATING WAXAHACHIE S | CMC Coatings Waxahachie Delivery#: 82366893
SECTION: REBAR 16MM (#5) 60°0" 420/60 o H BOL#: 72448918
GRADE: ASTM A615-16 Gr 420/60 L | 901 CANTRELL STREET 1 | 901 Cantrell St CUST PO#:
ROLL DATE: 04/22/2018 D | WAXAHACHIE TX P | Waxahachie TX CUST PIN:
MELT DATE: 04/22/2018 |US 75165-3120 Us 75165-3120 DLVRY LBS /| HEAT: 15020.000 LE
Cert. No.: B2366893 | 079581A002 T | 972-937-9841 T | 972 937 9841 DLVRY PCS / HEAT: 240 EA
o] [s]
Characteristic  Value Characteristic Value Characteristic Value
c 0.41%
Mn 0.89%
P 0.013%
S5 0.046%
Si 0.17%
Cu 0.28%
Cr 0.13%
Ni 0.16%
Mo 0.063%
v 0.000%
Cb 0.002%
Sn 0.012% The Following is true of the material represented by this MTR:
Al 0.001% *Matenal is fuily kiled
Yield Strength test 1 66.4ksi *100% moltod and roliod in the USA
Tensile Strength test 1 104.1ksi "EN10204 2004 3.1 complant
Elongation test 1 14% “Contams no weld repair
Elongation Gage Lgth test 1 8IN “Contains no Mercury contaminalion
Bend Test Diameter 2.188IN *Manufactured in accordance with the [alest version
Bend Test 1 Passed of the plant qualily manual
“Meels the "Buy Amenca” equiroments of 23 CFRG35 410

REMARKS :

05/15/2018 10:19:57
Page 10F 1




We hereby certify that the test results presented hcre
are accurate and conform to the reported grade specificalion
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s CMC STEEL TEXAS CERTIFIED MILL TEST REPORT
1 STEEL MILL DRIVE For additional copies call =
SEGUIN TX 78155-7510 830-372-8771 )
i ~
[ L
TOMMY HEWITT

Quality Assurance Manager

HEAT NO.:3079583 S | CMC COATING WAXAHACHIE 5 | CMC Coatings Waxahachle Delivery#: 82366893
SECTION: REBAR 16MM (#5) 60'0" 420/60 o H BOL#: 72448918
GRADE: ASTM A615-16 Gr 420/60 L | 901 CANTRELL STREET | |901 Cantrell St CUST PO#:
ROLL DATE: 04/22/2018 D | WAXAHACHIE TX P | Waxahachie TX CUST PIN:
MELT DATE: 04/22/2018 Us 75165-3120 US 75165-3120 DLVRY LBS / HEAT: 30040.000 LE
Cert. No.: 82366893 ] 079583A002 T | 972-937-9841 T | 972937 9841 DLVRY PCS / HEAT: 480 EA
[o] 0
Characteristic  Value Characteristic Value Characteristic Value
c 0.42%
Mn 0.83%
P 0.013%
] 0.047%
Si 0.18%
Cu 0.29%
Cr 0.15%
Ni 0.20%
Mo 0.077%
v 0.000%
Ch 0.003%
Sn 0.013% The Following Is true of the material represented by this MTR:
Al 0.001% *Matenal is fufly kifled
Yield Strength test 1 67.4ksi *100% molicd and rolfod m ihe USA
Tensile Strength test 1 101.7ksl *EN10204 2004 3 1 comphant
Elongation test 1 14% *Conisns no weld repair
Elongation Gage Lgth test 1 8IN “Conlains no Mercury contamnalion
Bend Test Diameter 2.188IN “Manufaciured m accordance with the latest verson
Bend Test 1 Passed of the plant quality manual
“Meols tho “Buy Amenca” requwrements of 23 CFRE3IS 410
REMARKS :

05/15/2018 10:19:25
Page 10F 1
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CMC STEEL TEXAS
1 STEEL MILL DRIVE

CERTIFIED MILL TEST REPORT

We hereby certify that the test results presented here

For additional coples call

are accurate and conform to the reported grade specification

SEGUIN TX 78155-7510 830-372-8771 = v
e .7 }l.'_ - .v‘_
TOMMY HEWITT
Quality Assurance Manager
HEAT NO.:3078975 S | CMC COATING WAXAHACHIE S | CMC Coatings Waxahachie Delivery#: B2365532
SECTION: REBAR 13MM (#4) 60'0" 420/60 o} H BOL#: 72446899
GRADE: ASTM AG15-16 Gr 420/60 L | 901 CANTRELL STREET 1 |901 Cantrell St CUST PO#:
ROLL DATE: 04/05/2018 D | WAXAHACHIE TX P | Waxahachie TX CUST PIN:
MELT DATE: 03/30/2018 us 75165-3120 us 75165-3120 DLVRY LBS /| HEAT: 40404.000 LE
Cert. No.: 82365532 / 078975A265 T | 972-937-9841 T | 972937 9841 DLVRY PCS / HEAT: 1008 EA
o (o]
Characteristic  Value Characteristic Value Characteristic Value

c 0.42%
Mn 0.79%
P 0.009%
S 0.042%
Si 0.17%
Cu 0.31%
Cr 0.10%
Ni 0.18%
Mo 0.064%
v 0.000%
Cb 0.003%
Sn 0.010%
Al 0.002%
Yield Strength test 1 65.8ksi
Tensile Strength test 1 104.0ksi

Elongation test 1 15%
Elongation Gage Lgth test 1 8IN

The Following Is true of the material represenied by this MTR:
*Matenal 15 fislly kfled
*160% melled and rolfed in the USA
*EN10204 2004 3.1 compliant
“Contains no weld repair
“Conlains no Morcury contamination

Bend Test Diameter 1.750IN "Manufaciured in accordance with the latest version
Bend Test 1 Passed of the plant qualiy manual
“Moals the "Buy America” requiremonts of 23 CFRE35.410
REMARKS :

05/15/2018 10:18:16
Page 10F 1




Valspar Corporation

CERTIFICATION of COMPLIANCE

Date 4/18/2018

Specification: ASTM A775, ASTM A1078, AASHTO M284, AASHTO M254

Valspar Product Code:  720A009 {Epoxy Pawder for Coaling)
Batch Mumber: 8456026992

Produc:ion Date: 4/17/2018 (Expiration is § months pest preduction date)
Batch Size: 18,000 lbs.

I hereby certify that the ehove lot of material was manufectured (o formulation, meeting all the
requirements of the ebove specifications end that this malerizl is chemically the same mete rial that was
lested by Valley Forge Laborztories of Deven, PA. or Wiss, Janney, Elstner Associates of Northbrook, J1

The individual signing below has the legal autharity lo bind Valspar to l.ae/malﬂr[al
Eric, byraann, //)/ —>L‘¢’¢ VIS0 ¢

Lo h"'_ Namblard Titie —
ey

Lot
,7/// Si77(nll.1rc

Illc

10209 Clzude Freeman Drive
Charlotte, NC 28262

Phone: (704) 548-2820

Fax: (704) 347-0634

St Communweallh N Cp Tty il {.' U'IDO- i

O this the l SW of ./L“Pﬂ.& & ;)'6'1 % Jbefoe ine Q@/‘J—Lf L’ ! MU—HLL’

Day Menth Z”/ Y mr(’ Hume af Metary Public
L :5::
Tl‘them“ n-d hvwry Public, | ly appenred ﬁ persenally kngwn lo ms
: it st Hame(s) of Sipneds) /
T be the persan{s) wlore nume(s) is'are subscribed (o the
within jasteuiment, and cobnowledged o medhat hefshe'they
! exezuied the reme for the purposes therein tiated
= -7 P
= ]l P’ fness my h..nd il Jl'ﬁua. sca
z m&/’ﬂ{ Sy
. f.,‘. 2020 & 5:'_‘ . Su.u.nhlr. of Nlul.ug Tublic (
L g ]
GO eSS - 94- 2090
ARy \50 & § : - - = -
iy AN I i e ted Na THn s
,f””m:]F“h“ { Otlier Requited Iafonmation (Printed Name of Notary, Residence, eic )
The arthtesadotifind il s predye

"nived Stales and gualify es "WU.5,-mads end products”, "dommestie coned

matenin!s” end “damestic manaltclured gos

sopeesent mesriced valics

IED, AKD
JESSTOR A

I:ICC A ﬂ 1.5 .M.L 15"F 1ED ‘\'APJLANTIFS TIJ'_LUDIHG W f\F\FJ\T\nFS OF M ERCHANTF«F]' ITY OR FIT!
ARTICULAR USE OR FREEDOM FROLA PATENT INFRIVGER BT, VALSFAR WiL L 1907 BE LIAELEFOR AWY
C}‘ECIJ‘-L THCIDENTAL OR CONEEQUENTIAL DAMAGES. Yoururly teredy foe ery &

dufued i (hic product s e seplaceseal
ofthe defective product, or 1 1efund of its pa

g6 piise, B our eytion
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CUSTOM FABRICATORS

®

STUD WELDING

Certificate of Compliance

1378 N HARVEY MITCHELL PKWY

BRYAN

Material Description/Part Numbers Quantity

CPL 3/4-10 X 2 1/2 MS
101017428

Nelson Order Number: 1015428

TX
77803

90 10530700

Heat Number

Customer P.O.:

69

A Nelson Fastener Systems Company

Lab Number

24071

The product supplied under the contract or purchase order number shown

is certified to comply with the latest revision of one or more of the
therein; AWS D1.1, AWS D1.5, AWS Dl1.6,
ASTM A29, ASTM A276, ASTM A493,

ASTM A479, ASTM Al022.

applicable product specifications
ISO 13918, BS 5950, ASTM Al108,

ASTM R1064, ASTM A496,

The chemical analysis reported below was extracted from the certified

mill test report. This report will be supplied when specified in the
The physical properties reported were
determined to be in conformance using ASTM A370 testing procedure.
Nelson Stud Welding is an ISO/TS 16949:2009 certified supplier.
This material is free from mercury
contamination and is RoHS compliant. This product is melted and

customer order or upon request.

IATF certificate # is 0222148.

our

manufactured in the USA. No weld repair was performed on the raw material

or the studs. Parts are manufactured from cold drawn bar.

Grade €-1015
Heat Number 10530700
Ultimate PSI 82,300
Yield PSI 77,400
% Reduction of Area 60.0
% Elong. (in 2"or4D) 22.0
% Elong. (in 5D) 19.000
Carbon .160
Manganese .550
Phospherous .005
Sulphur .008

I hereby certify that the data listed in this
Certificate of Compliance is true and correct as
as contained in the company test records and that

it complies with the specifications shoyn.
Authorized by: ; 4 Zﬁh gf ]:: é;

o

Nelson® Stud Welding - 2211 Century Center Blvd. #105 - Irving, TX 75062
PH: (972) 721-9055 - FAX: (972) 438-7883 - www.NelsonStud.com

TR No. 609591-03
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CHARTER
STEEL

A Dragion of
Charter Manufacturing Company, Inc

Melted in USA Manufactured in USA

Nelson Stud Welding - A Nelson Fastener
Systems Company

7900 West Ridge Road

QC Department

Elyria,0H-44035

FILE 1658 Cold Springs Road
Saukville. Wisconsin 53080
1262) 268-2400
1-800-437-8769

Fax |262) 268-2570

CHARTER STEEL TEST REPORT

Cust P.O. _425341
Customer Part # 103004036
Charter Sales Order 50049368
Heat # 10530700

Ship Lot # 1231181 |
Grade 1015 M SK FG RHQ 45/64 RNDCOIL
Process HR
Finish Size 45/64
Ship date 17-JAN-18

| heraby cerlrly that the material described herein has been manufaciured in accordance with the specifications and standards lisled below and that il satisfies
these i al

tat s or entries on this document may be punishable as a felony under federal stalute.

The recording of false, fictitious and fraudul

Test results of Heat Lot # 10530700

é /

Lab Code: 7388 / ,/ /
CHEM c MN P -] sl NI CR MO cu SN v
%Wt A6 55 005 , .008 70 04 08 02 09 006 002
a n 8¢ m v cA v NB sB AS
024 0080 .0001 001 0001 001 002 004
)
001
JOMINY(HRC)
a J3 8
42 20
JOMINY SAMPLE TYPE ENGLISH=C 27

“rup

# of Tests
ROCKWELL B (HRBW) 1

REDUCTION RATIO=T78:1

Test results of Rolling Lot # 1231181
Min Value Max
72

Value Mean Value

72 T2 RB LAB = 0358-02

Specifications:

Manufactured per Charter Steel Quality Manual Rev Date 05/12/17
Charter Steel certifies this product is indistinguishable from background radiation levels by having process radiation

of radiation within our process & products.

detectors in place to

for the p
with any

.

licable Charter Steel for the

Meets specifi

Customer Document = MPS-102C
Additional Comments:

J2G3

Revision=G Dated= 17-OCT-16
This material meets the chemistry requirements of ASTM-A108 (Iatest version), ASTM A29 (latest version), and EN 10025-2 §-235-

b 2997/

Melt Source:
Charter Steel
Saukville, Wi, USA

Trip: 1213927

TR No. 609591-03

This MTR supersedes all previously daled MTRs for this order

Janice Barnard Division Mgr. of Quality Assurance
barmardJ@charerstesl com

Testing Laboratory Printed Date : 01/17/2018

Page 1 of 2
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The following statements are applicable to the material described on the front of this Test Report:

1. Except as noted, the steel supplied for this order was melted, rolled, and processed in the United States meeting DFARS
compliance, LEEDS compliance, REACH compliance, ROHS-WEEE compliance, and Conflict Materials Restrictions.

2. Mercury was not used during the manufacture of this product, nor was the steel contaminated with mercury during
processing.

3. Unless directed by the customer, there are no welds in any of the coils produced for this order.

4. The laboratory that generated the analytical or test results can be identified by the following key:

Certificate [Lab
Number |Code |Laboratory Address
0358-01 |7388 |CSSM |Charter Steel Melting Division 1658 Cold Springs Road, Saukville, Wi 53080
0358-02 [B171 CSSR/ |Charter Steel Rolling/ Processing Division [1658 Cold Springs Road, Saukville, Wi 53080
CSSP
0358-03 [123633 |CSFP |Charter Steel Ohio Processing Division  |6255 US Highway 23, Rising Sun, OH 43457
0358-04 |125544 |CSCM/ [Charter Steel Cleveland 4300 E. 49th St., Cuyahoga Heights, OH 44125-1004
CSCR
* * - Subcontracted test performed by laboratory not in Charter Steel System

5. When run by a Charter Steel laboratory, the following tests were performed according to the latest revisions of the
specifications listed below, as noted in the Charter Steel Laboratory Quality Manual:

Tost Spaciicstions cosu | cate | core | caon
Chemistry Analysis ASTM E415; ASTM E1019 X X
Macroetch ASTM E381 X X
Hardenability (Jominy) ASTM A255; SAE J406; JIS G0561 X X
Grain Size ASTM E112 X X X X
Tensile Test ASTM E8; ASTM A370 X X X
Rockwelll Hardness ASTM E18; ASTM A370 X X X X
Microstructure (spheroidization) ASTM A892 X X

[Inclusion Content (Methods A, E)  |ASTM E45 X X
[Decarburization ASTM E1077 X X X

Charter Steel has been accredited to perform all of the above tests by the American Association for Laboratory Accreditation
(A2LA). These accreditations expire 01/31/19. All other test results associated with a Charter Steel laboratory that appear on
the front of this report, if any, were performed according to documented procedures developed by Charter Steel and are not
accredited by A2LA.

6. The test results on the front of this report are the true values measured on the samples taken from the production lot. They
do not apply to any other sample.

7. This test report cannot be reproduced or distributed except in full without the written permission of Charter Steel. The primary
customer whose name and address appear on the front of this form may reproduce this test report subject to the following
restrictions:

* It may be distributed only to their customers
= Both sides of all pages must be reproduced in full

8. This certification is given subject to the terms and conditions of sale provided in Charter Steel's acknowledgement
(designated by our Sales Order number) to the customer's purchase order. Both order numbers appear on the front page of
this Report.

9. Where the customer has provided a specification, the results on the front of this test report conform to that specification
unless otherwise noted on this test report.

Testing Laboratory

Page 2 of 2
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MILL TEST REPORT
Lot#; 1412235 Parti#: 350006

QUALITY TEST CERTIFICATE OF SPRING LOCK WASHER

BRIGHTON-BEST INTERNATIONAL INC.

waw.BrightonBest.com

HANGZHOU SPRING WASHER CO.,LTD

This MTR contalns 1 pages (Page: 1)

Standard: ASHE B 18. 21. 1-2009 Contract No.: 14HZW11585/12650
Order No.: PO U23775 Invoice No.: 158HDOs2
cﬂCr':t“'miﬁ%‘ c Si Mn P 8§ Cr Ni Cu.
(%) 0. 65 0.2 0.55 0.01 | 0.004 | 0.02 0.02 0.03
Material Type, G5# Heat No. T490009102
Specification REGULAR HELICAL LOCK WASHER 3/4" HDG
Quantity 162 M
Lot No. 1412295 COUNTRY OF ORIGIN:CHINA
Part No. 350006
Testing Item | Ac/n Norm Result Reject Norm Result Reject

Inside Diameter | 27100

19. 3319, 86| 19. 6-19. 86 ]

Outside Diameted 1/92 || Max32, 93 Max32. 27 o
Width 1/a2 MinG, 04 Miné. 04 0
Thickness 1/32 || 4.88-5.33 | 5.18-5, 31 0
Height

Section

Surface Defects | 2/100 None None ¢}
Hardness 0/8 HRC38-46 HRC44-45 0
Springing

Toughness o/8 § Qualitied | Qualified 0

Zinc Coating

0/8

Win53um WinBl. fum 0

Zine Coaling Standard of:
Customer Name:;

General:

BRIGHTON BEST INTERNATIONAL (TAIWAN) INC.
The spring lock washers are conformed with the standard

of ASME B 18.21.1-2009. QUALIFIED.

Inspector: Shiweiqing

TR No. 609591-03

Quality Inspection

Chief:

94

Date  2015.02.28

2018-09-27



MILL TEST REPORT BRIGHTON-BEST INTERNATIONAL INC. This MTR contains 1 pages {Page: 1)

Lot#: 5106740003 Parth: 313200 vrerw BrightonBast.com

Certified Material Test Report to BS EN 10204-2004 3.1
FOR ASME SA194/ ASTM A194-14 GRADE 2H HVY HEX NUTS

FACTORY: NINGBO HAIXIN HARDWARE CO. LTD. DATE: APR.30.2016

ADDRESS: XUINGTANG.LUQTUQ NINGBO ZHEJNIANG 315205 COUNTRY OF ORIGIN: CHINA
CHINA MFG LOT NUMBER: 5106740003

CUSTOMER: BRIGHTON-BEST INTERNATIONAL (TAIWAN) INC PO NUMBER: MILL

QNTY SHIPPED: 153.000MPCS PART NO: 313200

SAMPLE SIZE : ACC. TO ASMEEBI8 ., [§.1-11 MANUFACTURER DATE:2016/3/28

SIZE & DESCRIPTION 3/4-10+0.020"(HDG)
FINISH:H. T. HOT DIP GAL PER ASTM A153-09/ASTM F2329-13

STEEL PROPERTIES:
STEEL GRADE: SWRCH45K SIZE: 30mm HEAT NO: 331508880
CHEMISTRY COMPOSITION:
CHEMIST C% Mn % P % S% 5i % Cr% | Ni% Cu% Mo % | OTHERS
SPE: MIN MAX MAX MAX MAX

040 1.00 0,04 0.08 3.40
TEST: 0.44 0.7 0.012 0.003 0.18
DIMENSIONAL INSPECTIONS SPECIFICATION: ASME/ANSI B18.2.2-2010
CHARACTERISTICS TEST METHOD SPECIFIED ACTUAL RESULT ACC. REL
R R e e T Y EXE T o * SRkREkd *kkREERE
APPEARANCE ASTM F812-12 PASSED 100 1]
WIDTH A/F 1.212"-1.250" 1.232"-1.249" 32 0
WIDTH A/C 1.382"-1.443" 1.392"-1.434" 32 0
THREAD ASME B1.1-03 PASSED 8 0
HEIGHT 0.710"-0.758" 0.735"-0.752" 32 0
MARK 2HZN LM PASSED 100 ]
HDG THICKNISS ASTM A153-09/ASTM F2329-13 min:43um TOUM-82UM 20 0
MECHANICAL PROPERTIES:  TO 1-1/2"in SPECIFICATION: ASME SA194/ ASTM A194-14
CHARACTERISTICS TEST METHOD SPECIFIED ACTUAL RESULT ACC, REJ
L T T E T P e e s S L e ERREARERREHE RN MR R R R SRR AEE kR kEkhdk ok
HARDNESS ASTM E18-12 24-35HRC HRC29-30 s 0
PROOF LOAD ASTM F606-11 MINSB450LBF 58450LBF 5 0
HARDNESS AFTER 24H AT 540°C ASTM A194 MIN 89 HRB HRB 96-98 5 ]
TEMPERING TEMPERATURE Mind55°C PASSED(520°C)
MACROETCH ASTM E381-12 SI/R1/C1-84/R4/C4 82/R2/C2 5 0

PARTS ARE MANUFACTURED AND TESTED IN ACCORDANCE WITH ASME SA 194/ ASTM A194-14
ALL TESTS IN ACCORDANCE WITH THE METHODS PRESCRIBED SPECIFICATION. WE CERTIFY
THAT THIS DATA IS A TRUE REPRESENTATION OF INFORMATION PROVIDED BY THE MATERIAL
SUPPLIER AND OUR TESTING LABORATORY.

All parts meet the requirements of FQA and records of comp!_iance are on file,

Maker's ISO#00109Q211593R0M/3302 '

TR No. 609591-03 95
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S S @madden_ _____ S

Certificate of Compliance

CUSTOMER: CUSTOM FAB
CUSTOMER PO #: QUADTEX 21486
MADDEN BOLT SO#: 103681

BOLTS: F1554 GR 105
HEX NUTS: _A194

FLAT F436
WASHER:

LOCK
WASHER:
COATING: _Al53
TEMPLATE:
OTHER:

NOTES:

Madden Bolt certifies that the above material is in compliance with the chemical and
physical requirements of the ASTM or AISI specifications.

F

y
Thank you, 7

Authorized Signature:

es Da’ge
Date: April 11, 2018

13420 Hempstead HWY @ Houston, TX 77040 @ PH (713) 939-9999 @ FAX (713) 9397200

WWW.MADDENBOLT.COM

TR No. 609591-03 96 2018-09-27



madden

April 11, 2018

Madden Bolt Corporation

13420 Hempstead Hwy.

Houston, TX 77040

RE: Galvanization Certificate of Compliance
To Whom It May Concern:

We certify that our Hot Dip process meets the requirements of ASTM A153 Specification on the
following order.

CUSTOMER: CUSTOM FAB.

SALES ORDER: 103681 PURCHASE ORDER: QUADTEX 21486
Approved By: /
i\ y gt

Roger Trejo

13420 Hempstead HWY @® Houston, TX 77040 @ PH (713) 939-9999 ® FAX (713) 9397200

WWW. MADDENBOLT.COM

TR No. 609591-03 97 2018-09-27



Job Material Certification

Page 11 of 1+

Vulcan Threaded Products
10 Cross Creek Trail
Pelham, AL 35124

Tel (205) 520-5100

Fax (205) 620-5150

<
Ullinﬂ"

"THREADED PRODUCTS, INC

JOB MATERIAL CERTIFICATION

|
___JobNo: 567407 Job Information Certified Date: 3/22/18
Containers: $13658914 |
Customer: Madd i . . 13420 Hempstead Hwy
u er adden Bolt Corp Ship To: Houston, TX 77040
Vulean Part No: HRE B7 1.152x290 GR105
Customer Part No: HRB B7 1.152x200 GR105
Customer PO No: PE57890 Shipped Qty: 4456 |bs
Order No: 341568 Line No: 3
Note:
Applicable Specification
i _ Secificaton | | Rel Amend Option
. ASTM F1554 Gd 105 S4 2018
ASME SA-193/SA-193M BT | 2018
.......... : . ASTMAIB3BY 2016
.. Qualty EN 1020431 2004

Test Results

See following pages for tests

si cr
S sl
: o S0 s
o009 0.001 ooavz 0.0002" 0.0007 0.005 450 i

Macro S MacroR = Macro G R J2 i Jg 7 Js
! .1 M e i i s i

Sl J10 Az J1a Je J28 Jsz2

s 2 S i % g

Notes

Material was manufactured, tested and inspected in accordance with Vulcan Thr
8/23/11. Processed material is Quenched and Tempered - Stress Free. No weld
material. Meltad and Manufactured in the USA.

Document is ir accordance with EN 10204 - 3.1B of 2004 (3.1).

eaded Products Inc. Quality Assurance Program and Manual Rev, A, dated
repair performed on the material. No Mercury used in the production of this

i .Peﬁ‘“!ﬂ%
Aldlolz

[451K2H.

https://www plexonline com/072e42ca-71e0-dcae-824c-4281

TR No. 609591-03
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Plex 3/22/18 2:13 PM vulc.mgri Page 1 of 2
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Job Material Certification

Page 12 of 14

Vulcan Threaded Products
10 Cross Creek Trail
Pelham, AL 35124

Tel (205) 620-5100

Fax (205) 620-5150

E
Utlcan

“THREADED PRODUCTS. INC

JOB MATERIAL CERTIFICATION

Job No: 567407

Job Information

Certified Date: 3/22/18

Containers: $13658914

Test Results

F'al"t No HFH— B7 1. 152x290 GR105
i est No 4?4&& Test Ouench &Tamperlnfurmatmn (th}

ptlon Austemhzmg Temp {F;
Test F1554 105 FB Reqmrements

|ensne(k5|] {ksnﬁ Yle!dUZ%OHset(ksﬂ tksl]

) 1326

est No: 47451
Desc

Test No 4?085 Test A193 B? E-1554—105 F{eqwremems

| Yield0.2% Elongation  Elongation
o 1 I

TenSIIe

Desr,nptlon

490

‘Ternperlng Temp :F}

R
().

I Run.Speed {Fﬂmrn) Quench Water Temp (F) Note
}_ S i ,B:?___ I i
Elongation |(%) L Elongation Gage Length {Sin) ROA (%) Note
{ 17 8in 61
Midradius = Surface @ Center Hardness i
Hardness Hardness = Hardness Test Type e
z's' LTI BB b L R
27 . _HRC
e e

C

| Description  Containe Test1 (flbs) Test2 (ﬂ;lbs; r Testa {ﬂ‘.’lbs] " Results Avg (ft/ibs) Note
e T B S M
|
. W w2218
|
I Date

Griffin, Mitchell - Certification Enginear

https://www plexonline.com/072e42ca-71 eO~4cae-824c-4281b4%i93ddefSales/RepoﬂfJDbﬁCcn.asp'?Mode=...

TR No. 609591-03
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Purchaser: BRIGHTON-BEST INTERNATIONAL (TATWAN).INC. Date: 2017-5-16
P.O.NO:" PO B17020241/U42733 ISO NO: 15/17Q5611R30
INV NO: 217ZL046L Expire: 14-Sep-18
Manufacturers  ZHEJIANG GUORUI CO.LTD.
Address: No.283 Chengxi North Road, Wuyuan Town,Haiyan Zhejiang,P R.China
F436 HARD ROUND STRUCTURAL FLAT WASHER
Commodity: WITH MFG'S 1.D.&436 ON FACE CUSTOMER PART NO.: 155120
Size: 1-1/8 X 2-1/4 MANUFACTURING DATE: 2017.3.15
Lot NO.: 217L0321-19 HEAT NO.: H17000150
Ship quantiry: 43.200 MPCS MATERIAL: 45# CARBON STEEL
Finish: PLN
DIMENSIONAL INSFECTION ACCORDING TO:  ASTM F436-11
INSPECTION ITEM SAMPLE SIZE SPECIFIED ACTUAL RESULT ACCEPT REJECT
Appearance 100 ASTM F436-11 0)8 100 0
Marking 100 F436 AND JLX OK 100 0
Outside Dia 8 2.313-2.187 2.200-2.199 8 0
Inside Dia B 1.251-1.188 1.238-1.236 8 0
Thickness 8 0.177-0.136 0.142-0.140 8 0
CHEMICAL COMPOSITION ACCORDING TO :  ASTM F436-11
CHEMICAL
ELEMENT (%) C Nn P 5 Si Cr Mo Ni Al Ti v
0.040 | 0.050
SPECTFIED MAX | MAX
TEST RESULT (.46 0.59 0.019 | 0.004 0.22 0.044 0.003 0.015
MECHANICAL PROPERTIES ACCORDING TO : ASTM F436-11
mstmen | SATTE SPECIFIED ACTUAL RESULT ACCEPT REJECT
mnngssmn 8 38-45 40-42 8

WE CERTIFY THAT THIS DATA

TES

WMadden Bolt Recelving

3

TITLE:

SIGNATURE: HEMING MANAGER

20 1 PESTTSA (e b

Heat#:  H | T0L0(SD

toti: 9 |7L039] ~ 19 '
Supplier:%?\GHTa/\l 75@31' /% Z//C{//B
size: |'[8 | Grade: Fy 3 Jj :

TR No. 609591-03
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MILL TEST REPORT BRIGHTON-BEST INTERNATIONAL INC. This MTR contains 1 pages (Page: 1)
Loth: 5105630005 Farth: 313370 www BrightonBost.com

Certified Material Test Report to BS EN 10204-2004 3.1
FOR ASME SA194/ ASTM A194-14 GRADE 2H HVY HEX NUTS

FACTORY NINGBQ HAIXIN HARDWARE CO.LTD. DATE: MAR.10.2016
ADDRESS XIIINGTANGLUGTUO NINGBO ZHETIANG 315205 CHINA COUNTRY OF ORIGIN: CHINA

MFG LOT NUMBER: 5105830005
CUSTOME BRIGHTON-BEST INTERN AN IN PO NUMBER: MILL
QNTY SHIFPED: 2.160MPCS PART NO: 313370
SAMPLE SIZF, : ACC.TO ASMERIS 18 . 1-11 MANUFACTURER DATE: 2016/2/25

SIZE & DESCRIPTION 1,1/8-7--0.024"(HDG)

FINISH:H.T.HOT DIP GAL PER ASTM A153-00/ASTM F2329-13

STEEL PROPERTIES:

STEEL GRADE: 458 SIZE: 32mm HEAT NO: 50903582
CHEMISTRY COMPOSITION:

CHEMIST| C% Mn % P % $% | si% | cr | Nin Cu% | Mo% | OTHERS
SPE: MIN MAX MAX | MAX | MAX

0.40 1.00 0.04 0.03 .40
TEST: 0.45 0.58 0.017 0.007 0.24
DIMENSIONAL INSPECTIONS SPECIFICATION: ASME/ANSI B18.2.2-2010
CHARACTERISTICS TEST METHOD SPECIFIED  ACTUAL RESULT  ACC. REJ.
R R PR e LY e T R T Y HEREREEAE b kAN ARRRRRRRNARERR RS AR RRREEREd
APPEARANCE ASTM FR12-12 PASSED 100 0
WIDTH AF 1.756"-1.812" 1.763"-1.779* 32 0
WIDTH A/C 2.002"-2.003" 2.012"-2.075" 32 0
THREAD ASME B1.1-03 PASSED 8 0
HEIGHT 1.079"-1.139" 1.089"-1.129" 32 0
MARK, HZN LM PASSED 100 0
HDG THICKNISS  ASTM A153-09/ASTM F2329-13 min:43um 58UM-661M 20 0
MECHANICAL PROPERTIES:  TO 1-1/2" in SPECIFICATION: ASTM/ASME A 194/8A 194-14
CHARACTERISTICS TEST METHOD SPECIFIED  ACTUAL RESULT  ACC. REJ.
L L R e P e S e EL T LR L LY AL R R P S e R L e L e EERREEE EEEEBRRD
HARDNESS ASTM EI8-12 24-35HRC HRC29-30 5 0
PROOF LOAD . ASTM F606-11  MIN133525LRF 133525LBF 5 0
HARDNESS AFTER 24H AT 540°C ASTM A 194 MIN 89 HRB HRB 92-93 5 0
TEMPERING TEMPERATURE Min455°C PASSED(520"C)
MACROETCH ASTM E381-12 SURI/C1-S4/R4/C §2/R2/C2 5 0

PARTS ARE MANUFACTURED AND TESTED IN ACCORDANCE WITH ASTM/ASME A194/SA194-14
ALL TESTS IN ACCORDANCE WITH THE METHODS PRESCRIBED SPECIFICATION, WE CERTIFY
THAT THIS DATA 18 A TRUE REPRESENTATION OF INFORMATION PROVIDED BY THE MATERIAL
SUPPLIER AND OUR TESTING LABORATORY,

Al parts meet the requirements of EQ& and records of compliance are on file.

Maker's ISO#00109021 1593R0M/3302

TR No. 609591-03 101 2018-09-27



€0-165609 ON d.L

01

LT-60-810C

CMC STEEL TEXAS

1 STEEL MILL DRIVE
SEGUIN TX 78155-7510

CERTIFIED MILL TEST REPORT

For additional copies call

830-372-8771

[T S Sy ST g

Ve heteoy certity that The tesi resuiils presented here

are accurate and conform to the reported grade specification

Z:? {.’é.tgr

® TOMMY HEWITT
1SERIES-BPS Quality Assurance Manager
HEAT NO.:3077684 S | Madden Bolt Corp S | Madden Bolt Corp Delivery#: 82330672
SECTION: ROUND 1.150 x 20'0" A36/52950| O H BOL#: 72394800
GRADE: ASTM A36-14/A529-14 Gr 50 L | 13420 Hempstead Rd I | 13420 Hempstead Rd CUST PO#: PES7851
ROLL DATE: 02/15/2018 D | Houston TX P | Houston TX CUST PIN:
MELT DATE: 02/08/2018 US 77040-5813 UsS 77040-5813 DLVRY LBS / HEAT: 4450.000 LB
Cert. No.: 82330672 / 077684A738 T | 7139399999 T | 7139399999 DLVRY PCS | HEAT: 63 EA
O 7139397200 0| 7139397200
Charatteristic Vaws Charactenstic Vaiue Charactenstic Value
C 0.18% Reduction of Areatest 1 56%
Mn 0.82% Yield to tensile ratio test1  0.69
P 0.009% Yield Strength test 2  53.6ksi
S 0.024% Tensile Strength test 2 77.5ksi
Si 0.18% Elongationtest2 47%
Cu 0.26% Elongation Gage Lgthtest 2 2IN
Cr 0.09% Reduction of Areatest 2 53%
Ni 0.08% Yieid to tensile ratio test2  0.69
Mo 0.024%
vV 0.015%
Cb 0.002% Q
0. -'- The Fol i true of the by this MTR:
Smn 0 gg:: F E51BS5 f 5 I *Material is fully kiled
CarbonEqFi554  0.53% 3‘0;’76 3“" *100% metred sod miled in the LS4
Carbon EgAS2S  0.40% ENIC20%:2003 3 7 compiant
*Contsins no weld repaic
Yieid Strength test 7 53.9ksi c ﬂ?& *Contains no Mercury tontamination
Tensile Strength test 1 77.9ksi “Manutactured in accordance with the itest version
Elongation test 1 25% J.W‘&O - of the piant quakity manuai
Eiongation Gage Lgth test 1 BiN “ideets the "Buy Amenca” reguirerments of 23 CFRESE 470

REMARKS :

ALSO MEETS ASTM GRADE A36, A529-50, A572-50, A709-36, A709-50, A992, AASHTO M270-36, M270-50, CSA G40.21-04 44W, 50W

03/07/2018 22:59:36

Page 10OF 1
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€0-165609 ON d.L

0

LT-60-810C

MLA&%

MAQUILACERO, S.A. DE C.V.

Av. Bdolfo Lopez Mateos 1220, Col. Margarita Rdz Salazar, San Nicolas de los Garza, N.L.

Codigo Postal / Postal Code: 66479
www.maqui lacero. com

Telefono / Phone number: +52(81)8158-0300

CERTIFICADO DE CALIDAD - MILL TEST 'CERTIFICATE
Fechla de emisicn / (Date of invoice)

(oA)  26-08-2017 14:47

No. / (Document mumber)

Codigo de cliente /(Customer ID)
QE025

Cliente /(Customer)
TRIPLE-S STEEL SUPPLY

[
| Factura / {Invoice Num.)
| e/ 6526l

Direccion / (Address)
6000 JENSEN DRIVE HOUSTON TX 77026 95-713-697-7105 Estados

Pedido / {Sales Order)
700004977

Destinatario / (Consignated to)

Orden de compra / (Purchase Order)

TRIPLE-S STEEL SUPPLY HOU-177126
8411 IRVINGTON HOUSTON TX 77022 Estados Unidos
Datos generales / (General Data)
Part Descripcion / (Description)| Cantidad|UND|No. Lote Colada ASTM Composicion quimica Prueba de tension
(Ttem) Quantity (Lot Nurer) (Heat) {Chemical carposition} (Tensile test)
Cedencia (Yield{Resistencia a la Dureza
C Mn P S Tension (Tensile (Rockwell B
strength) ksi |Strength) ksi $Elong. | Hardness )
PRE1501500740N PTR1.50x1.50,C-3/16, 40" 14.4000(CFT 1730631 A-500 GRADE B & C 0.083(0.390(0.007(0.002 60.0000 64.0000{ 24.0000| 75.0000
WELDEN SQURRE TUBING NON ALLOY"
STEEL 1.5"" X 1.5"" 3/16 GA 4
PRE40030031240N PTR4x3C-5/16 , 40’ 6.4000| CFT|PT1222 1711482 A-500 GRALE B & C 0.082|0.420{0.018(0.002 70.0000 79.0000| 25.0000{ 74.0000
WEIDED SQUARE TUBING NON ALIOY
STEEL 4" X 3" 5/16 GA, 40'

Certificamos que el material descrito satisface las especificaciones requeridas. la composicion quimica son transcripcion de los certificados del

Proveedor de acero.

We certify that the above described material satisfies the required specifications. The chemical composition is transcription from the mill test certificate.

of the steel supplier.

NOTE: NINGUN PRODUCTO HA SIDO PROBADO HIDROSTATICAMENTE. NONE OF THIS PRODUCTS HAVE BEEN HYDROSTATICALLY TESTED. NO WELD REPAIR WAS MADE IN ALL THIS ITEMS.

Fima / (Signature)
Calidad / (Quality)

MAQUILACERO, 5. A. DECV
AV. ADOLFO LOPEZ MATEQS No. 1220

R.F.C. MAQ-860203-MX5




Independence Tube 6226 W. 74ih 5. www.independencetube com

Chicago, IL 80838 [
a Hguor Company 708-496-0380 B itctube.com
Fax. 708.563.1950 Certificate Number: CHI 743245
Sold By: Purchase Order No: 7253396
INDEPENDENCE TUBE CORPORATION Sales Order No: CHI 280303 - 13
6226 W. 74th St. Bill of Lading No: CHI 167448 - 3 Shipped: 3/20/2018
Chicago, IL 60638 Invoice No: Invoiced:
Tel: 708-496-0380
Fax: 708-563-1950
Sold To: Ship To:
1430 - KLOECKNER METALS CORPORATION 4 - KLOECKMER METALS-NORTH
500 COLONIAL PARKWAY 14806 W RIDGE LANE
SUITE 500 563-583-7329
ROSWELL, GA 30076 DUBUQUE, 1A 52003
CERTIFICATE of ANALYSIS and TESTS Certificate No: CHI 743245
Customer Part No: Test Date: 3/19/2018
TUBING A500 GRADE B(C) Total Pieces  Total Weight
5" X 4" X 3/8" X 30" 4 2,378
Bundle Tag Ml Heat Specs Y{T Ratio Pieces Weight
4680 4N 281552 YLD=67405/TEN=73366/ELG=27.66 0.9187 4 2378

IMill #: 4N Heat #: 281552 Carbon Eq: 0.3098 Heat Src Origin: MELTED AND MANUFACTURED IN THE USA

G [ Wn [ P [ S [ S [ Al [ Gu [ © [ Mo | V | N | No | Cb
[0.2000 | 05300 | 0.0090 | 0.0050 | 0.0200 | 0.0370 | 0.0940 | 0.0460 | 0.0150 | 0.0020 | 0.0390 | 0.0020 | 0.0020
& | 8 [ B | T [ 9 | © [ W

\

|
0.0040 | 0.0070 | 0.0000 | 0.0030 | 0.0010 | 0.0000 | 0.0000 |

LEED Information (based on the most recent LEED information from the producing mill)

[ Method I Location [ Recycled Content | Post Consumer | Post Industrial ]
|[EAF |Crawfordsville, IN | 81.1%]| 28.2%] 52.9%)|

Certification:
| certify that the above results are a true and correct copy of records prepared and maintained by Independence Tube
Corporation. Sworn this day, 3/19/2018

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

I
AND INSPECTED IN ACCORDANCE WITH ASTM STANDARDS.
MATERIAL IDENTIFIED AS A500 GRADE B{C) MEETS BOTH m
ASTM A500 GRADE B AND A500 GRADE C SPECIFICATIONS.

CURRENT STANDARDS: Chris Allen, ASQ CMQYOE
A252-10 Quality Systems Supervisor
ASD0/AS00M-13

AB13-13

ASTM AS53/A53M-12 | ASME SA-53/8A-53M-13
AB47/AB4TIM-14
A1085/A1085M-15

Page -1
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Ualcan

THREADED PRODUCTS, INC.

Vulcan Threaded Products
10 Cross Creek Trail
Pelham, AL 35124

Tel (205) 620-5100

Fax (205) 620-5150

Material Certification

Customer:

Ship To:

Customer PO No:

Vulcan Order No:

Order Line:

Shipped Qty:

Vulcan Part No:

Customer Part No:
Customer Part Description:
Reference No:

Triple-S Steel
Houston
HOU-178081
332140

Country of Origin: USA
Rolled Mill: Gerdau Ameristeel - Beaumont, TX
Melted Mill: Gerdau Ameristeel - Beaumont, TX
Grade: 1018 -
Heat: 53147048/03
Note: 7/16
Spec No: AISI 1018
Spec Note:
Spec No: ASTM A108-13
Spec Note:
Material Specification Type Material Specification Actual
Chemistry Carbon (C) 0.1640 %
Manganese (Mn) 0.62 %
Phosphorus (P) 0.011 %
Sulfur (S) 0.014 %
Silicon (Si) 0.22 %
Copper (Cu) 0.20 %
Nickel (Ni) 0.08 %
Chromium (Cr) 0.10 %
Molybdenum (Mo) 0.019 %
Tin (Sn) 0.008 % .
Nitrogen (N) 0.0095 %
This document certifies that the foregoing data is furnished by the producing mill and test lab. §

No mercury, lead, radium, of alpha containing material or equipment is used or deliberately added in the production of this steel. No weld or weld repairs

were performed on this material.

Plex 11/10/17 9:36 AM vuic.roal I_?age 1
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APPENIDX C. MASH TEST 5-11 (CRASH TEST NO. 609591-03-1)

Cl1  VEHICLE PROPERTIES AND INFORMATION
Table C.1. Vehicle Properties for Test No. 609591-03-1.

Year: 2013 Make: RAM Model: 1500
Tire Size: 265/70 R 17 Tire Inflation Pressure: 39 PSI
Tread Type: HIGHWAY Odometer: 296392

Mote any damage to the vehicle prior to test: NONE

® Denotes accelerometer location.

NOTES:

Engine Type: V-8
Engine CID: 4.7 L

Transmission Type:
¥l Auto or [0 Manual
[ FWD [#/] RWD 4WD

Optional Equipment:
NONE
Dummy Data:
Type: 50 PERCENTILE
Mass: 165LBS
Seat Position: IMPACT SIDE
T M 10
Geometry: inches . i .,
A 78.50 P 40.00 K 20.00 P 3.00 U 27.50
B 74.00 G 29.00 L 30.00 Q 30.50 v 30.50
C 227.50 H 60.98 M 68.50 R 18.00 W 60.98
n} 44,00 | 11.75 N 68.00 s 13.00 X 77.00
E 140.50 J 27.00 (o] 46.00 T 77.00
¥ Hielght Front 14.75  cloarance (Front) 6.00 ‘o From 12.00
" Hialght Roar 14.75  Clearance (Rear B T Ree 25,50
RAMGE LIMIT: A=TE £2 inches, C=237 213 inches, E=148 12 inchea. F=309 13 nches, & == 25 inchea;, H =63 141 nchas, O=43 24 inches, MeN2=67 £1.5 inchas
GVWR Ratings: Mass: b Curb Test Inertial Gross Static
Front 3700 M gt 2908 2832 2917
Back 3900 M raar 2044 2172 2252
Total 6700 M s 4952 5004 5169
(allowable Range for TIM and GSM = 5000 1k 2110 |b)
Mass Distribution:
b LF: 1400 RF: 1432 LR: 1085 RR: 1087
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Table C.2. Measurements of Vehicle Vertical CG for Test No. 609591-03-1.

Date: 2018-0628 TestNo: 609591-03-1  yiN: 1CBRREFT1DS712245

Year: 2013 Make: RAM Model: 1500

Body Style: QUAD CAB Mileage: 236392

Engine: 4.7LV-8 Transmission: AUTO

Fuel Level: EMPTY Ballast: 114 LBS (440 Ib max) _
Tire Pressure: Front: 35  psi Rear: 35  psi Size: 265/70 R 17

Measured Vehicle Weights: (Ib)

LF: 1400 RF: 1432 Front Axle: 2832
LR: 1085 RR: 1087 Rear Axle: 2172
Left: 2485 Right: 2519 Total: 5004

5000 £110 Ib allow ed

Wheel Base: 140.50 inches  Track: F: 68.50 inches R: 68.00 inches
148 +12 inches allow ed Track = (F+R)/2 = 67 +1.5 inches allow ed

Center of Gravity, SAE J874 Suspension Method

X 61.00 inches Rear of Front Axle (63 +4 inches allow ed)

Y 0.24 inches Left- Right + of Vehicle Centerline
Z 29.00 inches Above Ground (minumum 28.0 inches allow ed)
Hood Height: 46.00 inches Front Bumper Height: 27.00 inches

43 %4 inches allowed

Front Overhang: 40.00 inches Rear Bumper Height: 30.00 inches
39 £3 inches allowed

Overall Length: 227.50 inches
237 £13 inches allowed
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Table C.3. Exterior Crush Measurements for Test No. 609591-03-1.

Date: 2018-06-28  Test No.: 609591-03-1  yviNNo: 1C6RR6FT1DS712245

Year: 2013 Make: RAM Model: 1500

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+ X2
<4inches _2-__ B
> 4 inches

Note: Mcasure C, 10 C¢ from Driver to Passenger Side in Front or Rear impacts — Rear to Front in Side Impacts.
Direct Damage

Specilic - -~ - - . .
C C C, C Cs Cq <D
Impact Planc* of Width** Max*e Ficld ' :
Number C-Mcasuremenits (CDC)H Crush L
1 AT FT BUMPER 24 10 36 1 3 5 6 8 10 +18
2 ABOVE FT BUMPER 24 1 48 1 3 5 7 B 11 +76

inches nl

Table 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, cte.) or label adjustments (c.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 cach C-measurement and maximum crush,

**Mcasure 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).

***Mcasure 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 C.4. Occupant Compartment Measurements for Test No. 609591-03-1.

Date: 2018-06-28 Test No.: 609591-03-1 VIN No.: 1C6RRE6FT1DS712245
Year: 2013 Make: RAM Model: 1500
OCCUPANT COMPARTMENT

DEFORMATION MEASUREMENT
Before After Differ.

inches

A1 65.00  65.00 0.00
A2 63.00  63.00 0.00
A3 65.50  64.00 -1.50
B1 45.00  45.00 0.00
B2 3800  36.50 -1.50
B3 4500  42.00 -3.00
B4 3950  39.50 0.00
B5 43.00  43.00 0.00

|
L ﬂ B6 39.50  39.50 0.00
& @\ = . c1 26.00  26.00 0.00

C2 0.00 0.00 0.00

C3 26.00 23.00 -3.00

D1 11.00 11.00 0.00

D2 0.00 0.00 0.00

4 l \ D3 11.50 9.50 -2.00

[ B2 | E1 58.50 57.50 -1.00

B4 | 836 E2 63.50 65.00 1.50

~— | El=4 ——)— E3 63.50 63.50 0.00

E4 63.50 63.50 0.00

TR _'ﬁ F 5900  57.00  -2.00

J G 59.00 59.00 0.00

H 37.50 37.50 0.00

*Lateral area across the cab from driver's side | 37.50 36.50 -1.00
kickpanel to passenger's side kickpanel. 1o 25.00 22.00 3.00
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C2 SEQUENTIAL PHOTOGRAPHS

0.100 s

Figure C.1. Sequential Photographs for Test No. 609591-03-1 (Overhead and Gut Views).
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Figure C.1. Sequential Photographs for Test No. 609591-03-1 (Overhead and Gut Views)
(Continued).
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0.600 s 0.700 s
Figure C.2. Sequential Photographs for Test No. 609591-03-1 (Rear View).
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Angles (degrees)

Roll, Pitch and Yaw Angles

— Roll — Pith — Yaw |

Test Number: 609591-03-1

Test Standard Test Number: MASH 5-11
Test Article: PennDOT PA Bridge Barrier
Test Vehicle: 2013 RAM 1500 Pickup
Inertial Mass: 5004 Ib

Gross Mass: 5169 Ib

Impact Speed: 63.2 mi’h

Impact Angle: 24.8°

Figure C.3. Vehicle Angular Displacements for Test No. 609591-03-1.

Axes are vehicle-fixed.
Sequence for determining
orientation:

1. Yaw.
2. Pitch.
3. Roll.

1 %0
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Longitudinal Acceleration (G)

X Acceleration

at CG

i aae H 1 = 1 1
| 1 Test Number: 609591-03-1
77777777 7777777777777 Test Standard Test Number: MASH 5-11 [ ]|
1 1 Test Article: PennDOT PA Bridge Barrier
R R R N T Test Vehicle: 2013 RAM 1500 Pickup | |
| | Inertial Mass: 5004 Ib
| | Gross Mass: 5169 Ib
,,,,,,,, ie———————_+_____| Impact Speed: 63.2 mi/h —
1 1 Impact Angle: 24.8°
04 05 06 07 08 09
Time (sec)
— Time of OIV(0.0918 sec) — SAEClIass 60 Filter — 50-msec average l

Figure C.4. Vehicle Longitudinal Accelerometer Trace for Test No. 609591-03-1
(Accelerometer Located at Center of Gravity).

1.0
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Lateral Acceleration (G)

Y Acceleration at CG

T T
| |
| |
| |
| | —
[ [
| |
| |
| |

Test Number: 609591-03-1

Test Standard Test Number: MASH 5-11
Test Article: PennDOT PA Bridge Barrier
Test Vehicle: 2013 RAM 1500 Pickup
Inertial Mass: 5004 |b

Gross Mass: 5169 Ib

Impact Speed: 63.2 mi/h

Impact Angle: 24.8°

06 07 08 09

— Time of OIV(0.0918 sec) — SAEClass 60 Filter — 50-msec average ‘

Figure C.5. Vehicle Lateral Accelerometer Trace for Test No. 609591-03-1
(Accelerometer Located at Center of Gravity).
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Vertical Acceleration (G)

Z Acceleration at CG
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Test Number: 609591-03-1

Test Standard Test Number: MASH 5-11
Test Article: PennDOT PA Bridge Barrier
Test Vehicle: 2013 RAM 1500 Pickup
Inertial Mass: 5004 Ib

Gross Mass: 5169 Ib

Impact Speed: 63.2 mi/h

Impact Angle: 24.8°

Figure C.6. Vehicle Vertical Accelerometer Trace for Test No. 609591-03-1
(Accelerometer Located at Center of Gravity).
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Test Article: PennDOT PA Bridge Barrier
Test Vehicle: 2013 RAM 1500 Pickup

Inertial Mass: 5004 Ib

Test Standard Test Number: MASH 5
Gross Mass: 5169 Ib

Test Number: 609591-03-1
Impact Speed: 63.2 mi/h
Impact Angle: 24.8°

X Acceleration Rear of CG

Time (sec)
50-msec average
Figure C.7. Vehicle Longitudinal Accelerometer Trace for Test No. 609591-03-1
(Accelerometer Located Rear of Center of Gravity)

SAE Class 60 Filter
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Vertical Acceleration (G)

Figure C.8. Vehicle Lateral Accelerometer Trace for Test No. 609591-03-1

(Accelerometer Located Rear of Center of Gravity).

Z Acceleration Rear of CG
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Test Number: 609591-03-1

Test Standard Test Number: MASH 5-11
Test Article: PennDOT PA Bridge Barrier
Test Vehicle: 2013 RAM 1500 Pickup
Inertial Mass: 5004 Ib

Gross Mass: 5169 Ib

Impact Speed: 63.2 mi/h

Impact Angle: 24.8°

Figure C.9. Vehicle Vertical Accelerometer Trace for Test No. 609591-03-1

(Accelerometer Located Rear of Center of Gravity).
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APPENIDX D. MASH TEST 5-10 (CRASH TEST NO. 609591-03-2)

VEHICLE PROPERTIES AND INFORMATION
Table D.1. Vehicle Properties for Test No. 609591-03-2.

Vehicle Inventory Number: 1331
Date: 2018-06-26 Test No.: 609591-03-02 WVIN No.: KNADH4A3XBG926848
Year: 2011 Make: KIA Model: RIO
Tire Inflation Pressure: 32 PSI Odometer: 154005 Tire Size: 185/65R14

Describe any damage to the vehicle prior to test: None

# Denotes accelerometer location. Y p ;!
NOTES: None | .I I
I|
. T \ 1
Engine Type: 4 cylinder ! L
Engine CID: 16 L
Transmission Type: . I
7 Auto or ] Manual _ R | SR }
[ FWD [] RWD _[] 4WD | | NP - - O~ =
Optional Equipment: i izl _ .| . T
None e ;—: = :
O I )
] S/
Dummy Data: ¥ L ’
Type: 50th percentile male ot F —ra i '
Mass: 165 LBS : . - e ! ol
Seat Position: IMPACT SIDE e . ol
Geometry: inches - ) -
A 66.38 F 33.00 K 12.25 2] 412 U 14.50
B 51.50 G L 25.25 Q 22.50 v 19.75
C 165.75 H 35.90 M 57.75 R 15.50 w 35.90
D 34.00 | 7.75 N 57.70 S 8.25 X 100.65
E 98.75 J 21.50 @] 28.25 T 66.20
Wheel Center Ht Front 11.00 Wheel Center Ht Rear 11.00  wH 0.00
RAKNGE LIMIT; & = &5 £3 inches; C= 158 #8 inches; E =98 4% nches; F =38 34 mches; G = 39 i4 inches; O = TOP OF RADIATOR SUPPORT Liedipchast
M+HNI2 = B8 £2 inches: W-H < F inches or uss MASH Faragraph 84,37
GVWR Ratings: Mass: Ib Curb Test Inertial Gross Static
Front 1718 Miront 1572 1544 162
Back 1874 Mear 885 883 963
Total 3638 Mrotal 2457 2427 2592
Alcrable TIM = 2420 I £55 I | Abowable GSM = 2585 b+ 55 b
Mass Distribution:
Ib LF: 773 RF: 771 LR: 449  RR: 434
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Table D.2. Exterior Crush Measurements for Test No. 609591-03-2.

Vehicle Inventory Number: 1331
Date:  2018-06-26  TestNo:.  609591-03-02 \yno: KNADH4A3XB6926848
Year: 2011 Make: KIA Model: RIO

VEHICLE CRUSH MEASUREMENT SHEET'
Complete When Applicable

End Damage Side Damage
Undeformed end width Bowing: BI Xl
Corner shift: Al B2 B X2 [
A2
End shift at frame (CDC) Bowing constant
(check one) X1+X2
<4 inches T B

>4 inches

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

Direct Damage
Specific . . ' . .: . "
Impact Planc* of Width** | Max*** | Ficld 1 2 . e s e -
Number C-Mcasurements {CDC) Crush ¢
AT FT BUMPER 14 6 16 6 4 1 +16
2 ABOVE FT BUMPER 14 6 30 1 3 5 6 +59
Units in inches n

"Table 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 individual
C locations. This may include the following: bumper lead, bumper taper, side protrusion, side taper, ¢tc.

Record the value for each C-measurement and maximum crush.

**Measure 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).

***Mcasure 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.3. Occupant Compartment Measurements for Test No. 609591-03-2.

Vehicle Inventory Number: 1331
Date: 2018-06-26  Test No.: 609591-03-02 ynNo: KNADH4A3XB6926848
Year: 2011 Make: KIA Model: RIO
OCCUPANT COMPARTMENT
DEFORMATION MEASUREMENT
Before After Differ.
inches K@
A1 67.50 67.50 0.00
A2 67.25 67.25 0.00
A3 67.75 67.75 0.00
B1 40.50 40.50 0.00
B2 39.00 39.00 0.00
B1, B2, B3, B4, BS, B6 B3 40.50 39.00 -1.50

B4 36.25 36.25 0.00
B5 36.00 36.00 0.00

] H
J A

1%

Al A7 EA
(AP Al 4 B6 3625 3425  -2.00
© ] ‘Q) c1 26.00  26.00 0.00
Cc2 0.00 0.00 0.00
c3 2600 2500 _ -1.00
D1 9.50 9.50 0.00
D2 0.00 0.00 0.00
/ ‘ \ D3 9.50 650  -3.00
L) E1 5150  53.25 1.75
Elfz £2 51.00 _ 53.50 2.50
. 51.00  51.00 0.00
< G 51.00  51.00 0.00
H 3750  37.50 0.00
[ 3750  37.50 0.00
g 51.00 _ 51.00 0.00

*Lateral area across the cab from
driver’s side kickpanel to passenger’s side kickpanel.
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D2 SEQUENTIAL PHOTOGRAPHS

0.000 s

0.100 s

0.200 s

0.300s W 1-7':‘73‘:‘:;—;‘

Figure D.1. Sequential Photographs for Test No. 609591-03-2 (Overhead and Gut Views).
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0.400 s

0.500 s

0.600 s

Figure C.1. Sequential Photographs for Test No. 609591-03-2 (Overhead and Gut Views)
(Continued).
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0.600s ’ 0.700 s
Figure D.2. Sequential Photographs for Test No. 609591-03-2 (Rear View).

TR No. 609591-03 126 2018-09-27



D3 VEHICLE ANGULAR DISPLACEMENTS

2

Test Article: PennDOT PA Bridge Barrier

Test Vehicle: 2011 Kia Rio
Inertial Mass: 2,427 Ib

Test Standard Test Number: MASH 5-10
Gross Mass: 2,592 Ib

Impact Speed: 61.7 mi/h

Test Number: 609591-03
Impact Angle: 25.3°

Time (sec)
Yaw
Pitch.
Roll

Sequence for determining
1
2.
3

orientation:

=
9]
=
iy
@
]
=
[]
>
()
o
<
[%]
]
B3
<<

Roll, Pitch and Yaw Angles
Figure D.3. Vehicle Angular Displacements for Test No. 609591-03-2.
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40t
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D4 VEHICLE ACCELERATIONS

592 Ib

Test Article: PennDOT PA Bridge Barrier
Test Vehicle: 1100C, Small Car
Inertial Mass: 2,427 Ib

Test Standard Test Number: MASH 5-10
Gross Mass: 2

Test Number: 609591-03-2

Impact Speed: 61.7 mi/h
Impact Angle: 25.3°

= 50-msec average

0.5
Time (sec)

X Acceleration at CG

SAE Class 60 Filter
Figure D.4. Vehicle Longitudinal Accelerometer Trace for Test No. 609591-03-2
(Accelerometer Located at Center of Gravity)

Time of OIV (0.0702 sec)

204---
304 |-
0
|

T
|
|
|
|
|
|
|
|
!
|
|
1
|
L
|
| |
| |
Tt
o o o
- -

20

(9) uonyeaa|d@ooy Jeulipnyibuo]

TR No. 609591-03 128 2018-09-27



€0-165609 ON d.L

6¢Cl

LT-60-810C

Lateral Acceleration (G)

Y Acceleration at CG

10 T T T T T T T T T
g | | | | | | | | |
J | | | | | | | | |
| | | | | | | | |
1 | | | | | | | | |
4 | | | | | | | | |
O— A “ | | | | \ . |
7, o
] | ‘ | | | | | |
| | | | | | | |
| | | | | | | |
J | | | | | | | |
| | | | | | | |
-10 B I | B | B T [ == - e e == =
| | | | | | | | |
) | | | | | | | | |
| | | | | | | | |
| | | | | | | | |
J | | | | | | | | |
| | | | | | | | |
20 [ T . C T C T T . LT T
1 | | | | | | | | |
| | | | | | | | |
| | | | | | | | |
) | | | | | | | | |
| | | | | | | | |
=307 [ Tt . CT T T T . CT T T
1 | | | | | | | | |
| | | | | | | | |
| | | | | | | | |
| | | | | | | | |
) | | | | | | | | |
‘40 L} L} L} L} | L} L} L} L} | L} L} L} L} | L} L} L} L} | L} L} L} L} | L} L} L} ) | ) ) ) ) | ) ) ) ) | ) ) ) ) | ) ) ) )
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
Time (sec)
= Time of OIV (0.0702 sec) — SAE Class 60 Filter = 50-msec average I

Test Number: 609591-03-2

Test Standard Test Number: MASH 5-10
Test Article: PennDOT PA Bridge Barrier
Test Vehicle: 1100C, Small Car

Inertial Mass: 2,427 Ib

Gross Mass: 2,592 Ib

Impact Speed: 61.7 mi/h

Impact Angle: 25.3°

Figure D.5. Vehicle Lateral Accelerometer Trace for Test No. 609591-03-2
(Accelerometer Located at Center of Gravity).



Test Article: PennDOT PA Bridge Barrier
Test Vehicle: 1100C, Small Car

Inertial Mass: 2,427 Ib

Test Standard Test Number: MASH 5-10
Gross Mass: 2,592 |b

Test Number: 609591-03-2

Impact Speed: 61.7 mi/h
Impact Angle: 25.3°

0.5
Time (sec)

Z Acceleration at CG

50-msec average

Figure D.6. Vehicle Vertical Accelerometer Trace for Test No. 609591-03-2
(Accelerometer Located at Center of Gravity)

SAE Class 60 Filter
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10

592 Ib

)

Test Article: PennDOT PA Bridge Barrier

Test Vehicle: 1100C, Small Car

Inertial Mass: 2,427 Ib

Test Standard Test Number: MASH 5-
Gross Mass: 2

Test Number: 609591-03-2

Impact Speed: 61.7 mi/h
Impact Angle: 25.3°

Time (sec)

X Acceleration at rear of CG

50-msec average
Figure D.7. Vehicle Longitudinal Accelerometer Trace for Test No. 609591-03-2
(Accelerometer Located Rear of Center of Gravity)

SAE Class 60 Filter
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€0-165609 ON d.L

eel

LT-60-810C

Vertical Acceleration (G)

Z Acceleration at Rear of CG

04 05 06 07 08 09 10

— SAEClass 60 Filter — 50-msec average

Test Number: 609591-03-2

Test Standard Test Number: MASH 5-10
Test Article: PennDOT PA Bridge Barrier
Test Vehicle: 1100C, Small Car

Inertial Mass: 2,427 Ib

Gross Mass: 2,592 Ib

Impact Speed: 61.7 mi/h

Impact Angle: 25.3°

Figure D.9. Vehicle Vertical Accelerometer Trace for Test No. 609591-03-2
(Accelerometer Located Rear of Center of Gravity).
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E1l

APPENIDX E. MASH TEST 5-12 (CRASH TEST NO. 609591-03-3)

VEHICLE PROPERTIES AND INFORMATION
Table E.1. Vehicle Properties for Test No. 609591-03-3.
Vehicle Inventory Number: 13001299
— 2018-07-03 — 609591-03-3
TRACTOR
YEAR: 2008  make:  FREIGHTLINER pmopEL: CL 120
VIN No.: 1FUJA6CV68DAAS274 ODOMETER: 846,840
YEAR: 2002 MAKE: UTILITY MODEL: 53'
VINNo:  1UYVS25302P787333
=) = == E—
I o o | = oo _l
P Q R A
C;;JRC;]J \ = |
| C__J)C__J | i S

=

[e—nad
1

1
GEOMETRY ( inches )

ba, hue

A 96.00 p 50.00 ¢ K 50.00 o 1500 g 73.00 y 23.00
B 48.00 459.00 H 7250 49.00 p 7950 s 1200 vy 32.00
c 14400 f 48.00 67.00 m 3450 73.00 T 4000 w 148.00
Allowsbla Range: C = 200 Inches max; L = 62 #2 inches: Overal Traler Length = 630 inches max.: Oversll Combination Length = 780 inchas max.: Trallar Overhang = 87
Inches max ; Ballast Cantar of Mass Ht = 73 22 inches above ground,
MASS ( Ib ) CURB TEST INERTIAL
My 8800 11250
M 4960 18080.00
M 4920 16770
Ma 5890 17880
Ms 4180 Ajiowable Range 15300 Ajowable Range
Mot 28750 29,000 +3100 Ib 79280 79,300 +1100 Ib
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Height above ground:

A:
B:
C:

Figure E.1. Location of Accelerometers and Rate Transducers.
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E2 SEQUENTIAL PHOTOGRAPHS

Figure E.2. Sequential Photographs for Test No. 609591-03-3 (Overhead and Gut Views).
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Figure E.2. Sequential Photographs for Test No. 609591-03-3 (Overhead and Gut Views)
(Continued).
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0.000 s | 0.185 s

0.370s 0.555 3

“-'“.
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K. -'. »

.

o

1.110 s 1.295 s
Figure E.3. Sequential Photographs for Test No. 609591-03-3 (Rear View).
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€0-165609 ON d.L

ol

LT-60-810C

Angles (degrees)

Roll, Pitch and Yaw Angles

— Roll— Pitth — Yaw ]

Test Number: 609591-03-3

Impact Speed: 49.9
Impact Angle: 14.8°

Axes are vehicle-fixed.

Test Standard Test Number: MASH 5-12 Sequence for determining

Test Article: PennDOT PA Bridge Barrier orientation:

Test Vehicle: 2008 Freightliner CL120/2002 Utility 53ftr 1. Yaw. -
Inertial Mass: 79,280 |b 2. Pitch.

Gross Mass: 79,280 Ib 3. Roll.

Figure E.4. Vehicle Angular Displacements for Test No. 609591-03-3.

(Accelerometer Located at Fifth Wheel)
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€0-165609 ON d.L

4!

LT-60-810C

Longitudinal Acceleration (G)

X Acceleration at Fifth Wheel

=1
T T =

l l

| |

| |
| | <
| | H
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[—
l l a
| | =
l l &1
l l >
[ | L a4l O
v W | TR 7 Y NIy VRbLUTUOTYYY ST T e
l l =
l l -
| | m
| | -
———————————————————————————————— <
| | ]
l l =
| | Z
| | /]

l l

L) L) L) a L) L) L) L) a L) L) L) L)
1.0 1.5 2.0
Time (sec)
= Time of OIV (0.198 sec) — SAE Class 60 Filter = 50-msec average Test Number: 609591-03-3

Test Standard Test Number: MASH 5-12

Test Article: PennDOT PA Bridge Barrier

Test Vehicle: 2008 Freightliner CL120/2002 Utility 53ft
Inertial Mass: 79,280 Ib

Gross Mass: 79,280 Ib

Impact Speed: 49.9

Impact Angle: 14.8°

Figure E.5. Vehicle Longitudinal Accelerometer Trace for Test No. 609591-03-3
(Accelerometer Located at Fifth Wheel).
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[44!

LT-60-810C

Lateral Acceleration (G)

Y Acceleration at Fifth Wheel

50
40-5
30-5
20-5

101

|
|
|
*********************** T~~~ ------------------| Test Number: 609591-03-3
! | Test Standard Test Number: MASH 5-12
w | Test Article: PennDOT PA Bridge Barrier
| Test Vehicle: 2008 Freightliner CL120/2002 Utility 53ft
| Inertial Mass: 79,280 Ib
********** 1M """t~ 7 -~~~ -~~~~~~" Gross Mass: 79,280 Ib
! Impact Speed: 49.9
|

: S 1 1 | S Impact Angle: 14.8°

Time (sec)

== Time of OIV (0.198 sec) — SAE Class 60 Filter == 50-msec average

Figure E.6. Vehicle Lateral Accelerometer Trace for Test No. 609591-03-3
(Accelerometer Located at Fifth Wheel).
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evl

LT-60-810C

Vertical Acceleration (G)

N B [} (o]
o o o o o
Ml |

)
o

Z Acceleration at Fifth Wheel

|
l
i\ Alll I
‘ | || U | U
l l
| |
,,,,,,,,,,,,,,, N I
| |
] ! |
- | |
O e | e
- | |
] 1 1
- | |
- - — - — - = - - - — - — - — - - — e | - - - - - - — - — - — ]
- | |
] | |
T T T L] i T T T T T T T T i T T T T
0 0.5 1.0 1.5 2.0
Time (sec)
— SAE Class 60 Filter == 50-msec average | Test Number: 609591-03-3

Test Standard Test Number: MASH 5-12

Test Article: PennDOT PA Bridge Barrier

Test Vehicle: 2008 Freightliner CL120/2002 Utility 53ft
Inertial Mass: 79,280 Ib

Gross Mass: 79,280 Ib

Impact Speed: 49.9

Impact Angle: 14.8°

Figure E.7. Vehicle Vertical Accelerometer Trace for Test No. 609591-03-3
(Accelerometer Located at Fifth Wheel).
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LT-60-810C

Longitudinal Acceleration (G)

X Acceleration Rear of Trailer

3] : : : : : : : : :

R NS L W VIR W
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— SAE Class 60 Filter == 50-msec average |

Time (sec)

Test Number: 609591-03-3

Test Standard Test Number: MASH 5-12

Test Article: PennDOT PA Bridge Barrier

Test Vehicle: 2008 Freightliner CL120/2002 Utility 53ft
Inertial Mass: 79,280 Ib

Gross Mass: 79,280 Ib

Impact Speed: 49.9

Impact Angle: 14.8°

Figure E.8. Vehicle Longitudinal Accelerometer Trace for Test No. 609591-03-3
(Accelerometer Located Rear of Trailer).
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Test Vehicle: 2008 Freightliner CL120/2002 Utility 53ft

Inertial Mass: 79,280 Ib
Gross Mass: 79,280 Ib

Test Article: PennDOT PA Bridge Barrier
Impact Speed: 49.9

Test Standard Test Number: MASH 5-12

Test Number: 609591-
Impact Angle: 14.8°

[
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|
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|

|

|

|

l L)
0.5

Time (sec)

Y Acceleration Rear of Trailer

50-msec average |

Figure E.9. Vehicle Lateral Accelerometer Trace for Test No. 609591-03-3
(Accelerometer Located Rear of Trailer)

SAE Class 60 Filter
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4l

LT-60-810C

Vertical Acceleration (G)

20

Z Acceleration Rear of Trailer

-
o o
1 —_l

N
o
—

Time (sec)

Test Number: 609591-03-3

Test Standard Test Number: MASH 5-12

Test Article: PennDOT PA Bridge Barrier

Test Vehicle: 2008 Freightliner CL120/2002 Utility 53ft
Inertial Mass: 79,280 Ib

Gross Mass: 79,280 Ib

Impact Speed: 49.9

Impact Angle: 14.8°

— SAE Class 60 Filter = 50-msec average |

Figure E.10. Vehicle Vertical Accelerometer Trace for Test No. 609591-03-3
(Accelerometer Located Rear of Trailer)
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Lyl

LT-60-810C

Longitudinal Acceleration (G)

X Acceleration at Tractor

-10

Time (sec)

— SAE Class 60 Filter — 50-msec average | Test Number: 609591-03-3

Test Standard Test Number: MASH 5-12

Test Article: PennDOT PA Bridge Barrier

Test Vehicle: 2008 Freightliner CL120/2002 Utility 53ft
Inertial Mass: 79,280 Ib

Gross Mass: 79,280 Ib

Impact Speed: 49.9

Impact Angle: 14.8°

Figure E.11. Vehicle Longitudinal Accelerometer Trace for Test No. 609591-03-3
(Accelerometer Located at Tractor).
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SI* (MODERN METRIC) CONVERSION FACTORS

APPROXIMATE CONVERSTIONS TO SI UNITS
Symbol | When You Know | Multiply By | To Find | Symbol
LENGTH
in inches 25.4 millimeters mm
ft feet 0.305 meters m
yd yards 0.914 meters m
mi miles 1.61 kilometers km
AREA
in? square inches 645.2 square millimeters mm?2
ft2 square feet 0.093 square meters m?2
yd? square yards 0.836 square meters m?
ac acres 0.405 hectares ha
mi2 square miles 2.59 square kilometers km?
VOLUME
fl oz fluid ounces 29.57 milliliters mL
gal gallons 3.785 liters L
ft3 cubic feet 0.028 cubic meters m?3
yd?3 cubic yards 0.765 cubic meters m?3
NOTE: volumes greater than 1000L shall be shown in m3
MASS
0z ounces 28.35 grams g
Ib pounds 0.454 kilograms kg
T short tons (2000 Ib) 0.907 megagrams (or metric ton”) Mg (or “t”)
TEMPERATURE (exact degrees)
°F Fahrenheit 5(F-32)/9 Celsius °C
or (F-32)/1.8
ILLUMINATION
fc foot-candles 10.76 lux Ix
fl foot-Lamberts 3.426 candela/m? cd/m?
FORCE and PRESSURE or STRESS
Ibf poundforce 4.45 newtons N
Ibf/in? poundforce per square inch 6.89 kilopascals kPa
APPROXIMATE CONVERSTIONS FROM SI UNITS
Symbol | When You Know | Multiply By | To Find | Symbol
LENGTH
mm millimeters 0.039 inches in
m meters 3.28 feet ft
m meters 1.09 yards yd
km kilometers 0.621 miles mi
AREA
mm? square millimeters 0.0016 square inches in?
m? square meters 10.764 square feet ft
m? square meters 1.195 square yards yd?
ha hectares 247 acres ac
km? Square kilometers 0.386 square miles mi2
VOLUME
mL milliliters 0.034 fluid ounces oz
L liters 0.264 gallons gal
m?3 cubic meters 35.314 cubic feet ft3
m?3 cubic meters 1.307 cubic yards yd®
MASS
g grams 0.035 ounces oz
kg kilograms 2.202 pounds Ib
Mg (or 1) megagrams (or “metric ton”) 1.103 short tons (20001b) T
TEMPERATURE (exact degrees)
°C Celsius 1.8C+32 Fahrenheit °F
ILLUMINATION
Ix lux 0.0929 foot-candles fc
cd/m? candela/m? 0.2919 foot-Lamberts fl
FORCE and PRESSURE or STRESS
N newtons 0.225 poundforce Ibf
kPa kilopascals 0.145 poundforce per square inch Ib/in?

*Sl is the symbol for the International System of Units. Appropriate rounding should be made to comply with Section 4 of ASTM
E380. (Revised March 2003)





