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1. INTRODUCTION

1.1. PROBLEM

Over the years, the pooled fund program has developed a pinned-down concrete barrier
design for pinning temporary concrete barriers on asphalt. Additionally, a transition was
developed to transition from free-standing barriers to pinned-down barriers placed on asphalt.
Currently, there is no transition design that would allow connecting the pinned-down barrier
placed on asphalt to a rigid concrete barrier.

A transition was developed under the pooled fund program for the pinned-down barriers
placed on concrete. This transition connected the 32-inch tall F-shape pinned-down barriers
placed on concrete to a rigid 42-inch tall single-slope barrier (which was determined to be the
worst case scenario for the rigid barrier designs used by pooled fund states).

A similar transition design from the pinned down barrier placed on asphalt to a
permanent single-slope concrete barrier is needed to accommodate sites with flexible pavement.

1.2. BACKGROUND

In 2008, Texas A&M Transportation Institute (TTI) developed a restrained F-shaped
temporary concrete barrier design for placement on concrete pavements or decks (1). In 2011,
this design was extended for use on asphalt pavements (2). The restraint mechanism used three
1.5-inch diameter steel pins that were installed into inclined holes cast in the toe of the barrier
segments. The pins passed through the holes in the barrier and continued into the underlying
asphalt pavement, thus locking the barrier in place. There is a desire to develop a transition from
the pinned-down barrier installed on asphalt to a rigid concrete barrier. The design details of this
transition will be kept the same as a previous transition developed by TTI for the pinned barrier
installed on concrete (3).

1.3. OBJECTIVES/SCOPE OF RESEARCH

The objective of this research was to crash test a transition from the pinned-down F-shape
temporary concrete barrier placed on asphalt to a permanent single-slope concrete barrier. The
test performed was Test 3-21 of the American Association of State Highway and Transportation
Officials (AASHTO) Manual for Assessing Safety Hardware (MASH) (4). The design of the
transition was kept the same as the previous design developed for temporary barriers pinned on
concrete, with the exception that the pinned barrier was placed on 4-inch thick asphalt, and was
pinned using 3 pins per barrier segment.

This report provides details of the concrete barriers tested, anchorage of the temporary
concrete barrier pinned on asphalt, and the transition from pinned temporary concrete barrier to
the rigid concrete barrier. Also presented in this report are the detailed documentation of the
crash test results and an assessment of the performance of the transition as tested according to
MASH Test 3-21 specifications.
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2. SYSTEM DETAILS

2.1. TEST ARTICLE AND INSTALLATION DETAILS

2.1.1 General Test Configuration

The overall length of the test installation was 104 ft-5% inches. The installation was
comprised of seven 12 ft-6 inch long, 32-inch tall precast concrete F-shape barrier segments
connected end-to-end, with the last downstream segment abutting a 16-ft long, 42-inch tall
permanent single-slope concrete barrier (SSCB). The precast concrete barrier segments had the
standard “F” profile and were anchored to 4—inch thick x 10-ft wide asphalt pavement using
three 1%-inch diameter steel pins per barrier segment. The asphalt pad was constructed on top of
1-ft deep crushed limestone base. The SSCB had a nominal slope of 11-degrees on both the
traffic side and the field side faces. It was constructed on top of an 8-inch thick x 5-ft wide
concrete base. The F-shape barrier segments were placed such that their uppermost slope point
was flush with the face of the SSCB. The transition elements encompassed a transition cap, a
nested thrie beam guardrail section with end shoes, and a field-side strap.

2.1.2 Temporary Precast “F” Shape Segments

The precast concrete barrier F-shape segments were 32 inches tall, 24 inches wide at the
base, and 9% inches wide at the top. The end of each barrier segment had a %2-inch horizontal
taper from center to outside. The top, bottom, and end edges were chamfered %-inch.

Horizontal barrier reinforcement consisted of eight #4 bars (¥2-inch nominal diameter) spaced
along the height of the barrier within the vertical reinforcement. Vertical barrier reinforcement
consisted of 10 rebar stirrups of #4 bars. These vertical bars were bent to conform to the F-shape
barrier profile and to provide sufficient concrete cover for the faces of the barrier and the
drainage scupper at the base of the barrier. The inner most six vertical bars were spaced at

18 inches on centers. For the last two vertical stirrup bars closest to the ends of the barrier
segments, the spacing was reduced to 177% inches and 77 inches, respectively.

Adjacent precast barrier segments were connected using a pin-and-loop type connection.
The loops were made of %-inch diameter ASTM A36 round stock steel and were 41 inches long
with the final 6 inches bent at 45 degrees for anchorage. The outer diameter of each loop was
3% inches, and these extended 2 inches outside the end of the barrier segment. The barrier
connection was comprised of two sets of three loops. A 1-inch diameter, 30-inch long
connecting pin of ASTM A449 material was inserted between the loops to establish the
connection. A 2-inch diameter x ¥-inch thick washer was welded 1% inches down from the top
of the connecting pin. The pin was held in place by resting the washer on insets built into the
faces of adjacent barriers. When installed, the distance between the end faces of adjacent barrier
segments was about 2 inches. Each barrier segment contained two drainage/forklift slots, each 3
inches high x 11 inches wide and located at the quarter points at 37% inches from the ends of the
segment.

Three 17-inch wide x 4-inch long slotted holes, inclined 40 degrees from horizontal,
were cast into the toe of each precast barrier segment. These slotted holes originated on the
traffic face of the barrier and exited near its bottom centerline. Two of the slotted holes were
positioned 16 inches away from each end of the barrier segment and the third slotted hole was

TR No. 605641-1 3 2016-01-29



positioned in the middle of the barrier segment. All three slotted holes were used for anchoring
the barrier to the underlying asphalt overlay.

Inside the F-shape barrier segments, each slotted hole was reinforced with a U-shaped
“403 Bar” #4 bar (Y2-inch nominal diameter) measuring 22 inches long and 6% inches wide.
This U-shaped bar surrounded the slot to reinforce the concrete around it and resist pullout of the
anchoring pin in the event of concrete failure in the vicinity of the slotted hole.

The F-shape barrier segments were placed on a foundation comprised of a 4-inch thick x
10-ft wide x 103-ft long asphalt pad constructed on top of a 12-inch thick layer of crushed
limestone road base (Type A, Grade 1), which was compacted to 95% of standard proctor
density. The 4-inch thick asphalt was constructed by adding a 1-inch thick lift on top of an
existing 3-inch thick asphalt foundation atop the road base. A layer of asphalt binder (CSS-1H
tack coat binder) was sprayed at the interface between the asphalt layers, as was previously done
between the underlying road base and the initial 3 inches of asphalt. Both asphalts used were hot
mixed Type D with reclaimed asphalt pavement (RAP).

Once the precast barrier segments were positioned, the three slotted holes in each
concrete barrier segment were used as guides to create holes in the underlying asphalt overlay
and base. These holes were percussion drilled using a 1¥-inch diameter masonry drill bit. After
the holes were drilled, a 1%2-inch diameter x 48-inch long ASTM A36 anchoring pin (with a
2%-inch long conical taper on the end) was passed through each of the slotted holes in the barrier
and into the asphalt and base. Thus, each barrier segment was anchored to the ground with three
pins. The top of each anchoring pin had a “2-inch thick x 4-inch square ASTM A36 steel plate
washer welded to it. The plate washers were welded at a 5-degree angle offset such that they
closely matched the profile of the barrier’s toe when installed.

2.1.3 Permanent Single-Slope Concrete Barrier

The 42-inch tall permanent single slope concrete barrier (SSCB) was 16 ft long,
24 inches wide at the base, and 8 inches wide at the top. The barrier had a nominal slope of
11 degrees on both the traffic side (impact side) and the field side faces. The barrier was
reinforced using 16 #4 (*2-inch nominal diameter) lateral stirrup bars that were bent to conform
to the profile of the barrier and provide a minimum 1%2-inch concrete cover. The lateral stirrups
were spaced 12 inches apart along the length of the SSCB. The longitudinal reinforcement of the
SSCB was comprised of 10 #5 bars (%-inch nominal diameter), each 15 ft-9 inches long, that
were placed inside the lateral stirrups and spaced vertically on approximately 8-inch centers
along the sloped faces of the barrier. At the location of each of the 16 lateral stirrups in the
single slope barrier, al0-inch x 21-inch L-shaped #6 bar (%s-inch nominal diameter) was placed
inside the concrete foundation with the 21-inch long leg raised upwards into the single slope
barrier. The shorter 10-inch leg of each L-shaped bar was placed 2% inches above the bottom of
the concrete foundation.

The barrier was cast over a reinforced concrete foundation that measured 16 ft long x 5 ft
wide x 8 inches thick. At the location of each of the 16 aforementioned L-shaped bars, a 56-inch
long #4 bar was placed laterally in the foundation. These 56-inch long bars were also placed
2Ys inches above the bottom of the concrete foundation. The longitudinal reinforcement of the
concrete foundation was comprised of five #4 bars that were each 15 ft-9 inches long and were
laterally spaced 12 inches apart. The concrete foundation was secured to the adjacent
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unreinforced concrete apron using five #5 bars that were each 12 inches long. These #5 bars
were installed horizontally in the face of the apron, in drilled holes 3 inches from the top, with a
minimum of 5%-inches embedment, and were secured in place with Hilti RE500 epoxy in
accordance with manufacturer’s instructions.

2.1.4 Transition Components

The exposed connection loops on the downstream end of the F-shape barrier segment
(No. 7) placed adjacent to the permanent SSCB were removed. This allowed placing the pinned-
down F-shape barrier segment flush to the SSCB.

The connection between the last F-shape barrier (No. 7) and the SSCB was accomplished
using two nested 12-gauge thrie beam guardrails. The top of the thrie-beam was 31 inches above
grade. The thrie-beam guardrails were longitudinally centered at the junction of the F-shape
barrier (No. 7) and the SSCB. At the upstream end, the nested thrie beam guardrails were
connected to the traffic-side face of the F-shape barrier segment via a 10 gauge thrie beam end-
shoe (RTEO1b) positioned on top of the guardrails, and at the downstream end, the nested
guardrails were connected to the traffic-side face of the SSCB via 10 gauge thrie beam end-shoe
beneath the guardrails. Each thrie beam end-shoe was connected to its respective end of the
guardrail using twelve %:-inch diameter x 2-inch long ASTM A307 guardrail bolts (FBB02),
recessed guardrail nuts, and rectangular guardrail washers (FWR03). The washers were under
the bolt head on the upstream end, and under the nut on the downstream end. Each thrie beam
end-shoe was connected to its respective barrier using five 7%-inch diameter SAE Grade 5 bolts
that passed through horizontally core drilled holes in the cross-section of the respective barrier
and were fastened on the field side of the barriers using heavy hex nuts and SAE hardened
washers.

On the field side of the barriers, a ¥2-inch thick x 8-inch wide x 16-ft-4-inch long ASTM
A36 steel strap was fastened to the barriers using the top two through-bolts used to connect the
thrie beam end-shoes. An 8-inch x 8-inch x 2%-inch thick wooden block spacer was attached to
this steel strap near the end of the pinned-down F-shape segment placed adjacent to the SSCB.
The wood block spacer was attached to the steel strap using a %-inch diameter x 4-inch long
carriage bolt, and secured with a hex nut on the field side of the strap. The strap and the wooden
spacer were used to reduce slack near the top of the F-shape and the SSCB profiles, thus
providing additional resistance to the lateral roll of the pinned-down F-shape barrier during
vehicle redirection.

A transition cap fabricated from “s-inch thick ASTM A36 steel plate was attached to the
top of the last F-shape barrier (No. 7) and the SSCB. The transition cap tapered 10 inches
vertically over a length of 48 inches to transition from the 32-inch tall F-shape barrier to the
42-inch tall SSCB. The transition cap had a 4-inch long skirt that fit over the upper slope of the
the F-shape barrier. The transition cap was reinforced using five stiffener plate ribs, also % inch
thick, equally spaced on 9-inch centers along the length of the cap, and secured with '-inch fillet
welds. The cap was bolted to the top of the F-shape barrier and the single slope barrier via a
9-inch long tab on each end of the cap with two %2-inch diameter x 6%-inch long Hilti HAS-E
adhesive anchors through each tab. The adhesive anchors had a 5-inch minimum embedment
and were installed in core drilled holes using Hilti RE500 epoxy in accordance with
manufacturer’s instructions.
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Figure 2.1 presents the general layout of the transition from temporary concrete barrier
pinned on asphalt to rigid concrete barrier, and Figure 2.2 provides photographs of the
installation. Appendix A provides further details of the installation.

2.2. MATERIAL SPECIFICATIONS

All reinforcing steel rebar was ASTM A615 grade 60 material. The loops for the
connecting pin, the anchor pins, and the anchor pin plate washers were ASTM A36 steel. The
connecting pin between adjacent barrier segments was ASTM A449 steel. The washer on each
connecting pin met ASTM A572 grade 50 standards. Certifications for different materials used
are included in Appendix B.

The compressive strength of the concrete for the single slope barrier and the concrete
foundation was specified as 3600 psi. The compressive strength on the day of the test was
4669 psi for the foundation at 49 days of age (cast on September 2, 2015), and 4155 psi for the
single slope barrier at 48 days of age (cast on September 3, 2015). Results of the tests performed
to determine the compressive strength are shown in Appendix B. The compressive strength of
the concrete for the precast F-shape barrier segments was specified as 5000 psi. The
compressive strength on core samples on the day of testing was 5520 psi.

The precast F-shape concrete barrier segments used in the test installation were donated
for this research by WASKEY.
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Figure 2.2. Transition Installation prior to Testing.
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3. TEST REQUIREMENTS AND EVALUATION CRITERIA

3.1. CRASH TEST MATRIX

According to MASH, two tests are recommended to evaluate transitions to Test Level
Three (TL-3) and are as described below.

e MASH Test 3-20: A 2420-Ib vehicle impacting the critical impact point (CIP) of the
transition at a nominal impact speed and angle of 62 mi/h and 25 degrees, respectively.
This test investigates a barrier’s ability to successfully contain and redirect a small
passenger vehicle and evaluate the risk to the occupants.

e MASH Test 3-21: A 5000-Ib pickup truck impacting the CIP of the transition at a
nominal impact speed and angle of 62 mi/h and 25 degrees, respectively. This test
investigates a barrier’s ability to successfully contain and redirect light trucks and sport
utility vehicles, as well as risk to occupants.

The test reported herein corresponds to MASH test 3-21. This test was deemed sufficient
to evaluate the impact performance of the transition. It is argued that the test with the smaller
2425-Ib is not needed. Due to higher impact energy and a higher vehicle center of gravity (CG),
the test with the 5000-Ib pickup truck would result in greater potential for snagging and vehicular
instability. The transition design is not expected to cause any underride when impacted by the
small passenger car. Similarly, the lighter passenger car is not expected to cause any significant
movement of the pinned-down barriers that can increase the potential for vehicle snagging or
pocketing. Thus, only test 3-21 was conducted.

The target CIP for test 3-21 was determined to be 4.3 ft upstream of the joint between the
pinned-down F-shape concrete barrier and the permanent single slope barrier. This impact point
was selected based on guidance provided in Table 2.6 of MASH. MASH recommends this
distance for testing upstream of the joint in a rigid barrier system that has the highest potential
for vehicle snagging. Since the greatest variation in the stiffness of the tested barrier exists at the
joint between the pinned-down F-shape and the permanent single-slope barrier, along with the
change in barrier profiles and heights, it is believed that the recommended 4.3 ft upstream of this
joint is the appropriate CIP for this design.

- > 51-5/8"| 4.3ft

1 Impact Path

Figure 3.1. CIP for Transition from Temporary Concrete Barrier Pinned on Asphalt to
Rigid Concrete Barrier.
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The crash test 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 researchers evaluated the crash test in accordance with the criteria presented in
MASH. The performance of the transition was judged based on three factors:

e Structural adequacy, which is judged on the ability of the transition to contain and
redirect the vehicle, or bring the vehicle to a controlled stop in a predictable manner.

e Occupant risk criteria evaluate the potential risk of hazard to occupants in the impacting
vehicle, and, to some extent, other traffic, pedestrians, or workers in construction zones,
if applicable.

e Post-impact vehicle trajectory is assessed to determine potential for secondary impact
with other vehicles or fixed objects, creating further risk of injury to occupants of the
impacting vehicle and/or risk of injury to occupants in other vehicles.

The appropriate safety evaluation criteria from Table 5-1 of MASH were used to evaluate
the crash test reported here, and are listed in further detail under the assessment of the crash test.
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4, TEST CONDITIONS

41. TEST FACILITY

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

The TTI Proving Ground is a 2000-acre complex of research and training facilities
located 10 miles northwest of the main 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
that are 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 safety
evaluation of roadside safety hardware. The site selected for construction and testing of the
transition was along the edge of an out-of-service apron. The apron consists of an unreinforced
jointed-concrete pavement in 12.5-ft x 15-ft blocks nominally 6 inches deep. The aprons were
built in 1942, and the joints have some displacement, but are otherwise flat and level.

42  VEHICLE TOW AND GUIDANCE SYSTEM

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

43 DATA ACQUISITION SYSTEMS

4.3.1 Vehicle Instrumentation and Data Processing

The 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 that Diversified Technical Systems, Inc. produced. 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
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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.
Accelerometers and rate transducers are also calibrated annually with traceability to the National
Institute for Standards and Technology. All accelerometers are calibrated annually according to
SAE J211 4.6.1 by means of an ENDEVCO® 2901, precision primary vibration standard. This
device and its support instruments are returned to the factory annually for a National Institute of
Standards Technology (NIST) traceable calibration. 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% 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 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).

4.3.2 Anthropomorphic Dummy Instrumentation

Use of a dummy in the 2270P vehicle is optional according to MASH, and a dummy was
not used in the tests with the 2270P vehicle.

4.3.3 Photographic Instrumentation Data Processing

Photographic coverage of the test included three high-speed cameras:

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

e One placed on the field side of the installation at an angle; and

e A third placed to have a field of view parallel to and aligned with the installation
at the downstream end.
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A flashbulb was positioned on the impacting vehicle, which was activated by pressure-
sensitive tape switches when contact was made with the transition, to indicate the instant of
contact with the installation. The flashbulb was visible from each camera. The video from these
high-speed cameras were analyzed to observe phenomena occurring during the collision and to
obtain time-event, displacement, and angular data. A mini-digital video camera and still cameras
recorded and documented conditions of the test vehicle and installation before and after the test.
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S. CRASH TEST NO. 605641-1 (MASH TEST 3-21)

5.1 TEST DESIGNATION AND ACTUAL IMPACT CONDITIONS

MASH Test 3-21 involves a 2270P vehicle weighing 5000 Ib £110 Ib and impacting the
CIP of the transition at an impact speed of 62 mi/h £2.5 mi/h and an angle of 25 degrees
+1.5 degrees. The CIP for MASH Test 3-21 on the transition was 4.3 ft upstream of the joint
between the pinned-down temporary concrete barrier and the rigid concrete barrier. The 2010
Dodge Ram 1500 pickup truck used in the test weighed 5064 Ib. The actual impact speed and
angle were 62.5 mi/h and 25.1 degrees, respectively. The actual impact point was 4.3 ft
upstream of the joint between the pinned-down temporary concrete barrier and the rigid concrete
barrier. Minimum impact severity (IS) for MASH Test 3-21 is 106 kip-ft, and actual 1S was 119
Kip-ft.

52 WEATHER CONDITIONS

The test was performed on the morning of October 21, 2015. Weather conditions at the
time of testing were as follows: wind speed: 8 mi/h; wind direction: 134 degrees with respect to
the vehicle (vehicle was traveling in a northwesterly direction); temperature: 84°F; relative
humidity: 65 percent.

5.3  TEST VEHICLE

The 2010 Dodge Ram 1500 pickup truck, shown in Figure 5.1 and Figure 5.2, was used
for the crash test. The vehicle’s test inertia weight was 5064 Ib, and its gross static weight was
5064 Ib. The height to the lower edge of the vehicle bumper was 11.75 inches and 27.0 inches to
the upper edge. The height to the vehicle’s center of gravity was 28.6 inches. Tables C.1 and
C.2 in Appendix C1 provide 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.

o R

Figure 5.1. Transition/Test Vehicle Geometrics for Test No. 605641-1.
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Figure 5.2. Test Vehicle before Test No. 605641-1.

54  TEST DESCRIPTION

The 2010 Dodge Ram 1500 pickup truck, traveling at an impact speed of 62.5 mi/h,
contacted the transition 4.3 ft upstream of the joint between the anchored temporary barrier on
asphalt and rigid concrete barrier at an impact angle of 25.1 degrees. At 0.007 s after impact, the
left front tire contacted the F-shape concrete barrier. At 0.021 s, the hood reached the top of the
transition taper. The left front corner of the hood reached the rigid concrete barrier at 0.026 s,
and the vehicle began to redirect at 0.040 s. At 0.049 s, the left front door contacted the thrie
beam. The left front tire blew out at 0.076 s. At 0.078 s, the right front tire began to rise upward
and to the right, and at 0.112 s, the tire lost contact with the pavement. The right rear tire lost
contact with the pavement at 0.155 s, and the vehicle was parallel with the barrier at 0.184 s. At
0.198 s, the rear of the vehicle contacted the barrier, and at 0.213 s, the left rear tire blew out. At
0.350 s after impact, the vehicle lost contact with the installation and was traveling at an exit
speed and angle of 47.6 mi/h and 5.7 degrees, respectively. The 2270P vehicle exited within the
exit box criteria. Brakes on the vehicle were applied at 2.4 s, and the vehicle subsequently came
to rest 200 ft downstream of impact and 77 ft toward traffic. In Appendix D2, Figures D.1 and
D.2 present sequential photographs during the test.

5.5 DAMAGE TO TEST INSTALLATION

Figure 5.3 shows the damage to the transition. The concrete on the downstream end of
barrier segment 7 was cracked around the pin location. The downstream end was also displaced
toward the field side 1.75 inches. The vehicle was in contact with the installation for 11.5 ft,
leaving scrapes and tire marks along the traffic face of the barriers. The top of the metal
transition piece on top of barrier segment 7 was slightly scraped and the thrie beam metal rail on
the traffic side of the barriers was deformed. Working width was 25.8 inches. Maximum
dynamic deflection during the test was 4.0 inches, and maximum permanent deformation was
1.5 inches.
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Figure 5.3. Transition after Test No. 605641-1.

56 VEHICLE DAMAGE

Figure 5.4 shows the damage sustained by the vehicle. The left front upper and lower A-
arms and the left frame rail were deformed. The front bumper, hood, grill, radiator, left front
fender, left tire and rim, left front and rear doors, left exterior bed, left rear tire and rim, and rear
bumper were damaged. Maximum exterior crush to the vehicle was 17.0 inches in the front
plane at the left front corner at bumper height. Maximum occupant compartment deformation
was 4.0 inches in the kickpanel on the driver’s side. Figure 5.5 shows the interior of the vehicle.
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Tables D.3 and D.4 in Appendix D1 provide exterior crush and occupant compartment
measurements, respectively.

Before Test After Test
Figure 5.5. Interior of Test Vehicle for Test No. 605641-1.

5.7 OCCUPANT RISK FACTORS

Data from the accelerometer, located at the vehicle center of gravity, were digitized for
evaluation of occupant risk. In the longitudinal direction, the occupant impact velocity (OIV)
was 22.6 ft/s at 0.094 s, the highest 0.010-s occupant ridedown acceleration was 6.2 g from
0.212 to 0.222 s, and the maximum 0.050-s average acceleration was —10.5 g between 0.048
and 0.098 s. In the lateral direction, the OIV was 29.8 ft/s at 0.094 s, the highest 0.010-s
occupant ridedown acceleration was 10.8 g from 0.211 to 0.221 s, and the maximum 0.050-s
average was 15.3 g between 0.040 and 0.090 s. Theoretical Head Impact Velocity (THIV)
was 40.6 km/h or 11.3 m/s at 0.092 s; Post-Impact Head Decelerations (PHD) was 12.3 g
between 0.211 and 0.221 s; and Acceleration Severity Index (ASI) was 2.02 between 0.066
and 0.116 s. Figure 5.6 summarizes these data and other pertinent information from the test.
In Appendix D3, Figure D.3 shows the vehicle angular displacements, and Figures D.4
through D.9 in Appendix D4 show acceleration versus time traces.
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6. SUMMARY AND CONCLUSIONS

6.1. ASSESSMENT OF TEST RESULTS

An assessment of the test based on the applicable MASH safety evaluation criteria for

MASH test 3-21 is provided below.

6.1.1 Structural Adequacy

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

Results: The transition contained and redirected the 2270P vehicle. The

vehicle did not penetrate, underride, or override the installation.
Maximum dynamic deflection during the test was 4.0 inches.
(PASS)

6.1.2 Occupant Risk

D.

Detached elements, fragments, or other debris from the test article should

not penetrate or show potential for penetrating the occupant compartment,
or present an undue hazard to other traffic, pedestrians, or personnel in a

work zone.

Deformation of, or intrusions into, the occupant compartment should not
exceed limits set forth in Section 5.3 and Appendix E of MASH. (roof
<4.0 inches; windshield = <3.0 inches; side windows = no shattering by
test article structural member; wheel/foot well/toe pan <9.0 inches;
forward of A-pillar <12.0 inches; front side door area above seat

<9.0 inches; front side door below seat <12.0 inches; floor pan/
transmission tunnel area <12.0 inches).

Results: No detached elements, fragments, or other debris from the

F.

transition were present to penetrate or show potential for
penetrating or present undue hazard to others in the area. (PASS)

Maximum occupant compartment deformation was 4.0 inches in the front

plane at the left front corner at bumper height. (PASS)

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

Results: The 2270P vehicle remained upright during and after the collision.
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respectively. (PASS)



H. Occupant impact velocities should satisfy the following:
Longitudinal and Lateral Occupant Impact Velocity

Preferred Maximum
30 ft/s 40 ft/s
Results: Longitudinal occupant impact velocity was 22.6 ft/s, and lateral

occupant impact velocity was 29.8 ft/s. (PASS)

l. Occupant ridedown accelerations should satisfy the following:
Longitudinal and Lateral Occupant Ridedown Accelerations

Preferred Maximum
159 2049 ¢
Results: Maximum longitudinal ridedown acceleration was 6.2 g, and

maximum lateral ridedown acceleration was 10.8 g. (PASS)

6.2 CONCLUSIONS

Table 6.1 shows that the transition from temporary concrete barrier pinned on asphalt to
rigid concrete barrier performed acceptably according to the evaluation criteria for MASH
Test 3-21.
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Table 6.1. Performance Evaluation Summary for MASH Test 3-21 on the Temporary Concrete Barrier Pinned on
Asphalt to Rigid Concrete Barrier.

Test Agency: Texas A&M Transportation Institute

Test No.: 605641-1

Test Date: 2015-10-21

MASH Test 3-21 Evaluation Criteria Test Results Assessment
Structural Adequacy
A. Test article should contain and redirect the vehicle or | The transition contained and redirected the
bring the vehicle to a controlled stop; the vehicle 2270P vehicle. The vehicle did not penetrate,
should not penetrate, underride, or override the underride, or override the installation. Maximum Pass
installation although controlled lateral deflection of dynamic deflection during the test was
the test article is acceptable. 4.0 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 | from the transition were present to penetrate or
for penetrating the occupant compartment, or present | show potential for penetrating or present undue Pass
an undue hazard to other traffic, pedestrians, or 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 4.0 inches in the front plane at the left front Pass
Section 5.3 and Appendix E of MASH. corner at bumper height.
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. Maximum roll and pitch
Pass
to exceed 75 degrees. angles were 13 degrees and 5 degrees,
respectively.
H. Longitudinal and lateral occupant impact velocities Longitudinal occupant impact velocity was
should fall below the preferred value of 30 ft/s, or at 22.6 ft/s, and lateral occupant impact velocity Pass
least below the maximum allowable value of 40 ft/s. was 29.8 ft/s.
I.  Longitudinal and lateral occupant ridedown Maximum longitudinal ridedown acceleration
accelerations should fall below the preferred value of | was 6.2 g, and maximum lateral ridedown Pass

15.0 g, or at least below the maximum allowable value
of 20.49 g.

acceleration was 10.8 g.
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Test Installation

104'-5-1/2" +
See 1c -
Barrier Numbers = A
1 2 3 4 5 6 7
T T T T T T T T T T T T T T T T T T T T T
Elevation View A Ground Line—
— Place Barriers with this edge aligned
42" i with face of Single Slope Parapet.
32" i
_ _ Traffic Side
Field Side
31"
Thrie-beam Rail height

0" 6, T See 1d

™

4‘,1, _____ YIS /.

----- S - Asphalt
S (Existing Pad is 3" thick.
T B O . LS Add 1" layer.)
/ Type A Grade 1
g 10'-0" > crushed Limestone base
Section A-A
Scale 1:20
Texas A&M Roadside Safety and Physical

1a. All @7/8 bolts are ASTM A325.

1b. All fabricated steel parts are A36 unless otherwise noted.

1c. 16' SSCB Parapet and seven 12.5' F-Shape Barriers with =2" space between them.

1d. Place the Barriers and insert the Connecting Pins. Drill @1-3/4" holes, three per
Barrier, with a masonry bit in a percussion drill, using the Barrier Sleeves as a guide.
Insert the Anchor Pins, and turn the Pins if necessary so that the Plate Washers fit snug
against the Barriers

P~

Project 605641

Approved:
Nauman Sheikh:

Transportation
Institute

Drawn By GES

Pinned Barrier Transition

Scale 2:1

Sheet 10f13  Test Installation

Security Division
Proving Ground -

2015-09-09
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Thrie-beam Assembly_\\

Bolt, 7/8 x 18 hex—\

— Bolt, 7/8 x 16 hex

Bolt, 7/8 x 14 hex—\ /ﬁ\Nasher, 7/8 SAE Hardened \ \ /
‘ (Typical x 10) as A ‘ .
\\ \ .“f
A & \\ \ ¥
- 5 IR Y
] S io \\
a ol 9
E g \\ \"\ \\'\
—F { I Voo
77 7 | i . . AN
Bolt, 7/8 x 14 hex— | / \ ;3 :i (AN
. \ H [H v \
Bolt, 7/8 x 16 hex— / (I i VN
TR | L L ~ ““Bolt, 7/8 x 18 hex
Bolt, 7/8 x 16 hex™ x Hilti HAS-E Anchor Bolt, @1/2" x 6-1/2"
—Bolt, 7/8 x 14 hex —Bolt, 7/8 x 22 hex

All @7/8 Bolts (x 10)
are ASTM A325.

Connection Details

— Install with Hilti RE500 epoxy according to manufacturer's
instructions, with minimum 5" embedment

Typical x 4

Bolt, 7/8 x 20 hex

Y. \Lﬂansition Cap /—Field Side Connection Strap
° °
| ° °e J °
o \ -]
° o?
° \“

Spacer Block

Nut, 5/8 hex

Bolt, 5/8 x 4 carriage

\ \
\ \
\ \
\ \
\ \
\ \

\  Core @1" holes for 7/8" Bolts,
\ Do not percussion drill.

\ \

\ —See inset view at left.

\‘_Nut, 7/8 heavy hex
Washer, 7/8 SAE Hardened
(Typical x 10)

Cut off end loops on Barrier 7 and place
it tight against the Single Slope Barrier.

A Transportai
rans, ation
A ot

Pinned Barrier Transition
Scale1:150 Sheet 2 0f 13  Connection Details

Project 605641
Drawn By GES

Roadside Safety and
Physical Security Division -
Proving Ground

2015-09-09
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Rectangular Guardrail Washer
FWR03

Thrie-beam End Connector
RTEO1b

2" Guardrail Bolt (x 12)
FBBO02
with Recessed Guardrail Nut

12 Gauge Thrie-beam Guardrail
RTMO02a
(x 2 nested)

Thrie-beam End Connector
RTEO1b

2" Guardrail Bolt (x 12)
FBB02
with Rectangular Guardrail Washer
and Recessed Guardrail Nut

/‘-‘ Texas A&M Roadside Safety and
Transportation Physical Security Division -
A lnstitle:‘:z Proving Ground

Project 605641 Pinned Barrier Transition 2015-09-09
Drawn By GES Scale 1:15  Sheet 30f 13  Thrie-beam Assembly
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/‘-‘ _'l_'exas AftMt )
ransportation
B irstitirte

Drawn By GES

Transition Cap

N (2 -
(6 ) (3 N
N pa— (2)
/ / //\J’
T / T / r‘/
/ /
5 /_/ /’ /.' o
o " 4 o o
Plan View - 2 N i
= = = o .
© I~ o0 Y o -
™ (&) -— (e)] - o
Elevation View ) TYP
~ 1/8
Transition Cap Cut List
# Part Name Qty.
1 Box 1
2 Rib 1 1
3 Rib 2 1
4 Rib 3 1
5 Rib 4 1
6 Rib 5 1 Project 605641

Isometric View

Pinned Barrier Transition

Scale 1:10

Roadside Safety and
Physical Security Division -
Proving Ground

2015-09-09

Sheet 4 of 13 Transition Cap

T:\1-ProjectFiles\605641-Pinned Barrier Transition\Drafting\60564 1 Drawing



T-T¥9509 ON dL1

1€

6¢-10-970¢

-9 Transition Cap Parts

e e

e
4 l \ ‘ ‘ [}
Y e —— e B

o Y

A
A ) - 1 1-1/2" — ‘L271/2"

2.‘ / ' | o
/ ——5-7/16"
B34" x 4/ @ See a ) s

o {
Y
48" > l— 9-1/2" —p
a— 10-3/8"
3/8" x 3/8" chamfer

6-1/4"
' Typ all Ribs
7" .

Ao ' , 7-3/4" —- - 8-9/16" T—T
9-7/8" i A
8" ) _ _
| L) i e
y Y J‘

A

5-1/2" —tt—p>

———]
/ 78.6° Typx 5

" Tvox 5/ . 2-3/8"
9-1/2" Typ x 5 @ @ Ribs @ @

5a. This Part (Cap and Ribs) is to be fabricated from 1/8" thick ASTM A36 steel. It may ) ;
be fabricated from seperate plates welded together at the joints, bent plate (with bend radii / 'l]'.r-'e;‘rfsi?gft’ytion ph$§22|s'scigcﬁ’:{$ tl%isig.?on _
A

no greater than 1/4"), or any combination of the two, at the fabricator's discretion.

: ; . PR ] b > i Proving G d
5b. The width dimensions for the Rib pieces are to intersection of side and top (corner Institute roving roun
before chamfer). Project 605641 Pinned Barrier Transition 2015-09-09

Drawn By GES  Scale1:10 Sheet 50f 13  Transition Cap Parts
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114"

Field Side Strap
ASTM A36 Steel

Plan View ..
w w
S o D
~ O o+
EL? n © ©
hy L b b
- - -l -
> : >
— 4 ; \\
Y NN
—
\—j .
I \
Elevation View g1
— $1"x 4 W, '

“—Plate is symmetrical about € (except for @11/16" hole).

™ 2-1/2" —f=- |
A
Spacer Block
Pressure Treated Wood
- 8
T B11/16"
Y
/‘-‘ Texas A&M Roadside Safety and
i i Transportation Physical Security Division -
Elevation Views ‘ Instl'tgl% Proving Ground
Project 605641 Pinned Barrier Transition 2015-09-09

Drawn By GES Scale1:25 Sheet 6 0f 13  Field Side Strap
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Y SSCB Parapet < 2
2 2 o
1-1/2" Clear Typical —— . ~ b ©
(8 — B— & Q"
\__/ I“. // C - Va4
o~ o T AW — Y3z
(12) yd N |
N / . /Y741
‘ ""\ ) \ J 20-7/8"
7" —~ / Y 241116
| (10) \ -/ - R \y .
3 i N e Y. 28-7/16
—‘ Y T 42 Tpr<—>‘ \
F > ./ & l, 8" . . Form or Core @1" holes.
( “ g | Elevation View Do not percussion drill.
“I t 2-1/4" 12" Typical
® > 2-1/4" Clear to Rebar ¢
“ @ Section C-C
| Scale 1:20 'f/8 \;'
\"/S;\l Install in existing concrete with Hilti RE500 epoxy N -
__/ according to manufacturer's instructions, with )
minimum 5-1/2" embedment.
/- *\\‘ —
# Part Name Qty. (7)) (11)
N A
7 L-bar for SSCB 16 g S
8 Stirrup, V1 16 )
9 Rebar, #5 x 12" 5 8[22231”_ 280
10 Rebar, #4 x 56" 16 2-5/8" Clear —#» . '
" Ca \
11 Rebar, #4 x 15'9" 5 12— (9) (10)
O
12 Rebar, #5 x 15'9" 10

7a. Minimum concrete strength is 3600 psi.
7b. All rebar is grade 60.

Project 605641
Drawn By GES

/‘-‘ _'l_'exas AftMt )
ransportation
B irstitirte

Pinned Barrier Transition
Scale 1:50

Roadside Safety and
Physical Security Division -
Proving Ground

2015-09-09
Sheet 7 of 13 SSCB Parapet

T:\1-ProjectFiles\605641-Pinned Barrier Transition\Drafting\60564 1 Drawing
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G ——

21"

Y

A

i
—
A
40-1/2" o1n
}3-314" —_
\\
(™

.—y Y

L— 10" —»

/‘-‘ _'l_'exas Aﬁllﬂt )
ransportation
B insiitite

Project 605641 Pinned Barrier Transition
Drawn By GES  Scale1:10 Sheet 80f 13 SSCB Stirrups

D 3/4"

Roadside Safety and
Physical Security Division -
Proving Ground

T:\-ProjectFiles\605641-Pinned Barrier Transition\Drafting\605641 Drawing
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Pin-Down Barrier e

12'-6" L
/,szee 9a
r'g
=)
1-7/8" x 4" Slot—.
Typx3 ]
Y
! I ,I ! |
A
la— 16" —b g | 12" — ol 31-1/2" ——»
Elevation View
f— 9-1/2" —
2-3/8" — | |la— Tr 1/2" Taper. Typical front and back, each end
32" i t
P = (
See 9d
4-7/8" Plan View
13-5/8" -
T __R10""
9a. Barriers are symmetric about § 's, except for end loops.
/ — \ . . See next sheet for end loop and cut-out details.
Elevation View 9b. All rebar is grade 60.
End 9c. Concrete shall be 5000 psi.
n 9d. Chamfer top, bottom, and ends 3/4". End chamfers not
3" Scale 1:10 shown for clarity.
o

| A

- 24"

= Texas A&M Roadside Safety and
< T-ansportation Physical Security Division -
Al institute Proving Ground

Project 605641 Pinned Barrier Transition 2015-09-09

Drawn By GES  Scale1:20 Sheet 90f13  Barrier Details a
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[ 52— ,,,,,,j:;\;%\:,, ,,,,,,,,,,,,,,
" // \:\\\\

G of 1-7/8" x 4" Sloty’/

End View
Scale 1:10

Pin-Down Barrier
End Loop Details

2" —ft—ptap»+— 1-9/16"

Detail D
Scale 1:5
Typical x 6

6¢-10-970¢

= Texas A&M Roadside Safety and
< T-ansportation Physical Security Division -
Al institute Proving Ground

Project 605641 Pinned Barrier Transition 2015-09-09
Drawn By GES  Scale1:20 Sheet 10 of 13 Barrier Details b

(Rebar and End Loops not shown for clarity.)
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Pin-Down Barrier

Rebar Placement

)
Y

Elevation View

I 1-1/2" Clear Typical

End View
Scale 1:10

5sp. @ 18"
90"

17-7/8" —

Rebar placement is symmetrical about ¢ .

L

7-718"

[ 414"

/‘-‘ _"l_'exas AﬁMt .
ransportation
A insitite

# Part Name Qty.

13 Rebar, @1/2" x 144"

14 Stirrup A

15 End Loops 6

17 403 Bar 10
Roadside Safety and

Physical Security Division -
Proving Ground

Project 605641

Pinned Barrier Transition

2015-09-09

Drawn By GES

Scale 1:20 \Sheet 110f 13 Barrier Details ¢
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—— 10-3/4" ——— >

F— 6-1/2 —»\ P
03—

b ,

|t 39-1/4" >
’f) 2n — N\

X 45.0°
: ¢ A |
L— 3312 ———————————————

-
o
End Loop

@ 3/4" A36 Cold Roll

Fi 22" 47
@1/2"
A S '
358" —]| g3 p112"
6.3/8" 6-3/8 3" TYP. ¢
' ]
' L 0 403 Bar
—J Gr. 60 Rebar
- e = Texas A&M Roadside Safety and
/‘ Transportation Physical Security Division -
Sti Al institute Proving Ground
@ irrup Project 605641 Pinned Barrier Transition 2015-09-09

Gr. 60 Rebar
Drawn By GES  Scale1:10  Sheet 12 of 13 Barrier Details d

T:\1-ProjectFiles\605641-Pinned Barrier Transition\Drafting\60564 1 Drawing
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1-3/4"

N
— el

1/4"

—] |

®1-1/16"

Plate Washer
A572 grade 50

—» | 01" ASTM A449

Connecting Pin

o —E
12" — . /
. 4 ,
L // \(\
N L L ==
| \ ""l
| AN e
| o1-916" —
O
|
Plate Washer NZAN 48"
ASTM A36
<
2-3/4"
i
\‘.\
“\ @1-1/2"
85.0° A36 ColdRoll 7
\ ~.
B
Detail E Anchor Pin
Scale 1:2
Roadside Safety and

I [t
rans, ation
A [otie

Project 605641
Drawn By GES

Pinned Barrier Transition
No Scale = Sheet 13 of 13 Pin Details

Physical Security Division -
Proving Ground

2015-09-09
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TEST NUMBER:

TEST NAME:
TEST DATE:

# DATE RECEIVED
15-001 2015-09-04
15-002 2015-09-04
15-003 2015-09-04
15-005 2015-09-08
15-008 2015-09-28

Concrete documents at end of this appendix.

MATERIAL USED

605641-1

Transition from Temporary Concrete Barrier Pinned on Asphalt to Rigid Concrete Barrier

2015-10-21

DESCRIPTION

Cold Roll, 1-1/2"
Plate, 4" x 1/2"
Plate, 8" x 1/4"
Guardrail Parts
Hardware

GRADE

1018
A36

YIELD

269

285
no information
see attached
see attached

TENSILE

448
475

SUPPLIER

Mack Bolt & Steel
Mack Bolt & Steel
Mack Bolt & Steel
Trinity Industries

Mack Bolt & Steel

'd X1dN3ddV

S1IN3INND0A NOILVIId11H3D ONILHOddNS
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Viilcan

Vulcan Threaded Products
10 Cross Creek Trail
Pelham, AL 35124

Tel (205) 620-5100

Material Certification

THREADED PRODUCTS, INC, ~ Fax (205) 620-5150
Customer: Triple-S Steel
Ship To: Houston
Customer PO No: HOU-164525
Vulean Order No: 250758
Order Line: 3
Shipped Qty: 2055 -t
Vuican Part No: CDR 1018 1.5000x240
Customer Part No: CDR 1018 1.5000x240
Customer Part Description: .
Reference No: N
Melted and Manufactured in: USA
Rolled Milt: AltSte
Melted Mili: AltSte
Grade: 1018
Heat: 145068
Note: (1.5625 - 25.57:1)(1.8125-19:1)
Spec No: AlISI1018
S‘pec Note:
Spec No: ASTM A108
Spec Note:
Material Specification Type Material Speci Actual
Chemistry Carbon (C) 0.200 %
Manganese (Mn) 0.78 %
Phosphorus (P) 0.007 %
Suffur (S) 0.028 %
Silicon (Si) 0.19 %
Copper (Cu) 0.18%
Nickel (Ni) 0.07 %
Chromium (Cr) 012%
Molybdenum (Mo) 9.02% .
Vanadium (V) 0.037 % ,
Tin (Sn) 0.010 % -
Columbium (Cb) 0.002 %
Aluminum (Al) 0.002 %
Nitrogen (N) 0.0103 %
Baron (B) 0.0003 %
Reduction Ratio 25.57:1

This document certifies that the foregoing data is furnished by the producing mill and test [ab.

TR No. 605641-1

42

ii— s—
Plex 3/20/15 9:84 AM vuic.roal Page 1
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15-001 T etgis 3887 T

. Customer PO, 73621

Heat 52070
Shipment: 0000586978

Ctant 0 Dins Cuanbr Mo

B U b

ARAPNE . 1708 Al

CAQ CELIX DEMIA VE CELIK ENDAS.
dELI CAG CELIK PLAZA, ESENSEHIR EMEK MAH E5KI NATO YOLU NO 228
R s
DEMIR Vi '
Dainz8.11.3014
Aol 2014222
Customes
Descrpton of Gaods MATERIAL - PﬂlMﬁ QUALITY HOT ROLLED FLAT BARS, ROUND BARS AND SOUARE BARS
PROOUCED N ACCORDANCE T ASTM A38 DIMENSIGNAL TOLERANGES TO ABTM AS
LATEST REVISION (ACTUAL REVISION DATE  2009)
LENGTH TOLERANCE PLUB ZMINUS C INCHES
Manutestuar CAG CELIK DEMIA VE CELIK END. AS.
RACHANICAL PROPERTIES e SHEMICAL ANALY SIS (53
Yioid Tanea
Hoal Point  SUsngih Efong
No NARZ HAAM2 % Test € Mn ] 8 P H m cu
e AT ASTM A 38/A8 . 0 a2071 268 4 3 OK ©01 085 015 00w O o4 0054
FL SN s ASTMA 20 51607 22 a8y 3 Ox 048 Dd1 020 06031 Do1? 2 aes
ar ASTRIA JB/AS 20 51780 284 are | Ok 080 070 018 0010 O 8 0.053
A% X 3 1" ASTM A J/AS 20 s1887 n &57 34 OK Q14 0B3 016 0020 o008 64 0054
%2 02 ASTM A JU/AS 20 S1608 283 448 ? oK 04 048 0021 007 e 0051
X3 ASTM A 30IA8 20 52085 781 4 ©OX 018 087 D010 00z B2 0032
uT X ASTRS A D6/AG 2 51081 60 453 34 OK 012 06 018 002 001 82 D054
ASTRLA JAS 20 215 483 38 oK D18 oer 0.8 e QO 8t 0 4%
wr X2 ASTM A JB/AS 20 51000 2re 458 33 OK oI 06 047 QO oot8 64 0034
ST ASTM A JWAB 0 22343 260 38 OK 018 0B D18 002 0017 &0 0033
Xy ASTM A 20 87304 282 I 33 Ok 014 DE8 18 0022 007 s 0054
e ASTM A JG/AB 20 52365 280 59 M ©OK 012 0885 020 001 Q017 & o851
Yexe ASTM A JADB 20 52365 b Iy 4 OK QW 070 08 0022 000 & 004
e ASTM A 3028 20 52070 288 4rs 37 ©K 91 o7 01 002 QUIn o4 0042
xS ASTM A DBIAS 2 57967 e 470 I 045 080 048 G020 QDI® 8 005
Vire ASTM A J0/A8 F m 483 2 OK Ow 088 0 Q010 0019 e 0.054
ey ASTMA J8A8 20 5708 b3 “w? 322 CK 038 084 0W CGOW 0019 o 0054
'} PPy -
LENGINM tool)
A 0 B1910
ye ASTM A JUiAD 20 81409 288 @ 8 OK Ot O 048 qow 0018 B4 0032
r ASTAL A DU/AG 20 sives s 480 34 OK D14 D85 040 agi9 &4 Qost
14 ASTM A J0/A0 20 $1379 28% sl M Ok 012z 085S 0 onw ogIT o o8z
ASTM A S&AS 20 209 “aa ] ox G4 68y QI8 002¢ 009 o Q08
A &Ry 'Y £-"4 oA sl o0 oo oae ] o082
IR AR ASTM A J0AD 0 s FiL) s 3J Ok 014 084 047 00 OO0IB 1] 0032
BOUND paRg s
n-ﬁ;b DEMIR VE CELIK AS.
i
s » ox 018 D88 018 Q020 0020 0 0.082
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15-002

AN b e waepe - et

Metals 2 Go APRABRAR . 10
Customer PO. 73621

Heat 52070
Shipment: 0000586978

Céanl D Bima Qummbir M

@ CeLK e A AR s 13 MATO YO 0 08

SANCAXTERE ISTANBUL, TURKEY
REGISTRATION NG ; M1758200380

OEMIR VE CELIK BHD.AS.
DOxie28.18.2014
Rei 2014222
254-235-7700
Duserl on of Goods MATERIAL - PRIME QUALITY HOT ROLLED FUAT BARS, ROUND BARS AND SQUARE BARS
PRODUCED N ACCORDANCE TO ASTM ASS DIMENSIONAL TOLERANCES TO ASTM AD
LATEST REVISION (ACTUAL REVISION DATE|
LENGTH TOLERANCE PLUS ZMINUS O ﬂ
Manutecharer CAG CELIK DEMIR VE CELIK END. A.5.
HECHANICAL PROPERTICS —GHEMICAL ANALYSIS (%)
Yieid Tenubw
Hest Point Susngih  Elong:
L] NIAZ NAAD % Taml < Mn 8t 1 Ld N om <y
LENGTH itgety
nexr ASTM A JAS Fol 42071 208 40 3 OK 0.83 0ea o018 oDw 00X B4 oonse
S SRy ASTM A A8 20 51807 212 457 35 oK 036 o6 [-F -] 0.0 Bo17 a agst
I Xr ASTI A JTAS 0 51748 284 4irs a2 oK 018 070 048 0016 00X L] 4.653
I %3 e ASTM A J/AS 0 sioa? b1 45T ko oK ot 085 010 Q0 oa0s o4 0.054
X ASTM A D&A8 20 S1668 203 448 k] oK 08 062 018 ODX1 Q017 [} 0051
X3 ASTM A /28 20 281 452 o oK 03¢ 062 018 02 0020 87 0852
TR N ASTM A J6/A8 20 sisat Eod 34 OK .12 oes 0.48 0022 Q010 8 (1]
xr ASTM A JUAZ 20 51705 e 438 3 oK D.18 oer 0.8 0018 0020 81 ocH
wrxuxr ASTM A 20 s1080 270 438 £ oK .42 cee 07 0Q20 oO1E 84 o054
Sl ASTI A JMUAS 0 52383 Fal 488 bl o D.18 088 0.8 0020 0017 [ o3
VeEXT ASTM A JV/AS 0 504 262 Ll 3 oK O.14 086 a8 op22 o017 5 0054
I8a 5T ASTM A J8/A8 20 52305 260 459 b ox 012 088 0.20 0022 QoY 113 o5
IeaE ASTM A JV/AS 20 52305 277 68 u OK 014 070 046 0032 DO &3 0054
W xa ASTM A JLIAS 0 52070 88 4TS ar o oM a7 029 QO &4 o0gs2
w2 as ASTM A 362408 0 32207 280 470 kil oK 043 Os8a 0.18 Q0w 00ie 8 0.0%5)
Vi a* ASTM A J8/A8 0 52368 m 468 x ox O 089 018 Q0w 0019 =% 0054
Ve 3 ASTM A JB/AS wn B8 Fil] &7 EH ox 030 084 a1 oo 0019 (=] ous4
L] [ I .
RN Gp
v E] 81910
P ASTM A JUAS 0 81409 288 483 W ox a4 (X 0.1s 4019 00N “ 0052
" ASTM A JVAD n S1708 an 480 3 oK 014 083 03 Q020 OO0 ol Qos1
v st ASTH A JU/AY 20 51319 208 s 38 CK 012 065 o020 0010 0017 o 0052
" ASTM A JUAS W azot 09 448 3% ox T4 [-£-2] ois Q03 (337 ] (2] 0054
2a9 any au oK D o#1 020 0010 0019 0 0053
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15-005 : - B
Certified Analysis B >
il-".: G
Trinity Ilighway Products , LLC ‘ '
2548 N.I. 28th St. Order Number: 1248341 Prod Ia Grp: 3-Guardrail (Dom)
4 (817 [T e POOLED FUND T
Ft Worth, TX 76111 Phm:(817) 665-1499 nstomer PO: POOLED FUND L As of: 94115
Customer: TEXAS A&M TRANS INSTITUTE 1400, Number: 58809 Ship Date:
ROADSIDE SAVETY & PHYSICA Document #: 1
BUSINESS OFVICE
3hi Ta: TX
3135 TAMU Shipped To
COLLEGE STATION, TX 77843-3135 Use State:  I'X
Project: POOLED FUND TEST THRIE BEAM
Qty  Part# Description Spee o1 TY 1leat Code/ Heat Yicld s Elg C Mn P S Si Co Ch Cr Vi ACW
T 200G TIHIZ6ES RICT L3214 ) o q
M 1ED A 182997 58,340 76,890 260 0180 0.730 0.014 0004 (010 (13 0.000 0.060 0.001 4
M-180 A 182098 60,310 78,910 aa. 0200 0730 0.012 0006 0010 0,140 0.000 0.050 0.001 4
M-180 A 182999 61,100 RO IH0 26,0 0190 0740 0013 0003 0.020 0130 0.000 0070 0.001 4
M-180 A 183107 57,060) To2 10 290 0200 0720 0.012 0004 0010 0120 0.000 0.050 0.000 4
M-THO A 1839340 63,240 81,490 251 0.180 0720 0.011 0,003 0020 0.100 0.000 0.060 0.001 4
M-180 A 183931 15008 S0,0180 #0750 27.9 0170 0720 0.013 0003 0.020 0.120 0.000 0.070 0.000 4
M-180 A 183932 63930 2,000 2657 0190 0730 0.012 0.004 0.020 0.110  0.000 0.070 0.001 4
2 975G TIVEND SHOE A-1011 M65303 42,000 56,204 374 0.070 0390 0.005 0.000 0008 0.000 0000 0.000 0.000 4
15 3320G 316"X1.75"X3" WASHER Hw PAI6OR1
15 34006 S/A"X2" GRBOLT HW 1404118

Upon delivery, all matcrials subject to Trinity Highway Products , I.LC Storage Stain Policy QMS-L.C -002.
ALL STEEL USED WAS MELTED AND MANUFACTURED IN USA AND COMPLIES WITH THE BUY AMERICA ACT , 23 CIR 635.410.
ALL GUARDRAIL MEETS AASTITO M-180, ALL STRUCTURAL STEEL MEETS ASTM A36 UNLESS OTIERWISE STATED.

ALL COATINGS PROCESSES OF THE STEEL OR IRON ARE PERFORMED IN USA AND COMPLIES WITH THE "BUY AMERICA ACT", 23 CTR 635.410.
ALL GALVANIZED MATERIAL CONFORMS WITH ASTM A-123 (US DOMESTIC SHIPMENTS)
ALL GALVANIZED MATERIAL CONFORMS WITH ASTM A-123 & ISO 1461 (INTERNATIONAL SHIPMENTS)

FINISHED GOOD PART NUMBERS ENDING IN SUFFIX B,P, OR 8, ARE UNCOATED

1 of 2
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6¢-10-970¢

15-005 ROy "’%

Certified Analysis &

Trinity Highway Products, LLC ‘ '

2548 N.E. 28th St. Order Number: 1248341 Prod Ln Grp: 3-Guardrail (Dom)
Ft Worth, TX 76111 Phn:(817) 665-1499 Customer PO: POOLED FUND T As of: 9/4/15
Customer: TEXAS A&M TRANS INSTITUTE BOL Number: 58809 Ship Date:

ROADSIDE SAFETY & PHYSICA Document #: 1

BUSINESS OFFICE

3135 TAMU Shipped To: TX
COLLEGE STATION, TX77843-3135 Use State:  TX
Project: POOLED FUND TEST THRIE BEAM

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

NUTS COMPLY WITH ASTM A-563 SPECIFICATIONS AND ARE GALVANIZED IN ACCORDANCE WITH ASTM A-153, UNLESS OTHERWISE STATED.
WASHERS COMPLY WITH ASTM T-436 SPECTFICATION ANI/OR 1-844 AND ARE GALVANIZED IN ACCORDANCE WITH ASTM F-2329.

/4" DIA CABLE 6X19 ZINC COATED SWAGED END AISI C-1035 STIRT, ANNFALED STUD 1" DIA ASTM 449 AASHITOM30, TYPE II BREAKING

STRENGTH - 46000 LB

State of Texas, County of Tarrant. Sworn and subscribed before me this 4th day of September, 2015,
I'rinit, way P
Notary Public: QQWT M ,uf,ﬂ Certified By

Comumission Expires
Quality Assuramce

.IOMAR\' kUGINwLAND
Motary Public, Siote of Texas
Wy Commussion Expires
Mav 28, 2019

2 0of 2



L 15-008
~ Mack Bolt and Steel
5875 East State Highway 21
Bryan, TX 77808 _
979.778-8088 Fax 979-778-8310

BILL TO

Texas Transportation Institute

Texas A&M University
3135 TAMU
College Station, TX 77843-3135
Must have PO# or Name
P.O. NO.
605641
QTyY DESCRIPTION .

3 7/8-9 x 14" Galvanized A325 Hex Bolt
3 7/8-9 x 16" Galvanized A325 Hex Bolt
2 7/8-9 x 18" Galvanized A325 Hex Bolt
1 7/8-9 x 20" Galvanized A325 Hex Bolt
1 7/8-9 x 22" Galvanized A325 Hex Bolt

20 7/8" Galvanized SAE Flat Washer

10 7/8-9 2H Galvanized Nut

20 1/4 x 8 Flat Bar

Thank you for your business.
Rec'd By: / /L—\ Inside Sales ID:
Paid: Check Cash Charge

‘Invoice
DATE INVOICE #
9/29/2015 6838535
TERMS REP BRAMNCH
PO--Net 30 DT Gary Gerke
RATE AMOUNT
23.15 69.45
103.70 311.10
46.25 92.50
126.75 126.75
127.75 127.75
0.30 6.00
0.96 9.60
4.39 87.80
Total
$830.95

_Delivered b%etg #} ;{

Due and Payable in Brazos County, TX. No returns after 30 days. Must have receipt. Subject to 10%
restocking fee. NO RETURNS ON SPECIAL ORDERS (Includes Anything Cut or Machined).

TR No. 605641-1 47

2016-01-29
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K-T Bolt Manufacturing Company, Inc.® C & | Testing Labs; Inc.

1150 Katy Fort-Bend Road ) 1170 Katy Fort-Bend Road

Katy, Texas 77494 Katy, Texas 77494

Ph.: 281-391-2196 Fax: 281-391-2673 Ph.281-301-2197 Fay: 281-391-2044

E-Mail: certs{@k-tholt.com

Jitv28, 2014

Customer / Company: Gulf Coast Fasteners

Part Description:  200pes 7/8 — 9 X 14 Heavy Hex Bolts

Material Specification: ASTM A325-

Coating Specification: Noné :

Purchase Order Number: H4142
Lot Number: 2432801

Comments: None:

Material Heat Numbers: 30465

: 0.07 :

b

e h Sn

6011

Al

o,as'-?:' o 0.001

specifications listed above and were manufactured (ree of mercury. cnnmmmnﬂon_ ‘No heats: which Bismut, Seleumm, Tellm-mm orLead was m[u:monaily added to
produce the products. Thesteels wtremeltcﬁ and manufactured io the U.S.A. 2nd the product manufactured and tésted in thie U S.A ‘We certify that this: da!a is a true

representation of the information provided by the muterial supplier and our testing laboratory. The above tested sample has beexi i ted for Visual Dis¢
and found Acceptable. They comply in all respects with the following ASTM 2325 Type:l or Type 3 and ASME B18.2.6. Threads:are per ANSI BI Class. 2A.

e EE 'l'-"‘r_-':i‘k?auu R
g
ﬁ";ﬁr/a T }'H.-sf_'#

Tprankisy S aywe . BE T

All reports. are the exclusive property of C&l Testing Lkabs, Inc.®. Any reproduction must be in-their entirety And at the permission of same. All Test
results reéflect only material submitted as representative of the lot sampled.

TR No. 605641-1 48 2016-01-29
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o s 4
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K-T Bolt Manufacturing Compaay, Inc.® ' C & | Testing Labs, Inc.

1130 Katy Fort-Bend Road F170 Katy Fort-Bend Road

Katy. Texas 77494 Katy. Texas 77494

Ph.: 281-391-2196 Fax: 281-391-2673 Ph. 281-391-2197 Fax: 281-391-2044

E-Mail: censgk-tboli.com
September 28, 2015

Material Test Regort..

Customes ! Company: Mack Bolt & Steel

Part Description: 3 pes. 7/8™ (9p) x 16™ Heavy Hex Head Bolts

Material Specification: ASTM A325- 10 Type |

Coating Specification: Galvanized per ASTM 2329 7 A153
Purchase Order Number: 29794

1ot Number: 43819-2

Comments: Nonc

Material Heat Number: 305

Lab Reference Number: 1 T™ F606-'00a

Lab ID: 1587217

Property #1 Ibf #2 Ibf :
Tensile: 69400 ‘

Yield / Proof: 40400
Elengation %
%

Average  Weight 02/t
4.50 2.63
4.26 2.50

IS Mn P $ 8 Ca | Cr Ni Mo v cb Sn
AN 8% 015% 027% % 3% 1% 9% 039% 004% 00M%  G10%

100% Melted and Mamdactared in the US4

All tests are in accordance with the latest revisions of the methods prescribed in the applicable SAE and ASTM specifications.. The samples tested conform t the
specifications listed above and were manufactured free of mercury contamination, No heats to which Bismuth, Seleninm, Telturium or Lead was intentionally added to
produce the products. The steels were melted and munafactured in the U.S. A and the product manufactured ind tested in the U.S.A. We certifv that this datu is a true
representation of the information provided by the material supplier and pur festing Iaboratory.  The ahove tested samplc has been inspected for Visual Discontinuities
and found Acceptable. They comply in all respects with the followiag ASTM A32ZS Type | and ASME Bi8.2.6. Threads are per ANSEBI Class 2A.

C&I Testing Labs, Inc.

A il S

Sarah Holland \
Data Entry Clerk :

iSO 9001

All reports are the exclusive property of C&I Testing Labs, Inc.®. Any reproduction must be in their entirety And at the permission of same. All Test

results reflect only material submitted as representative of the lot sampled.

TR No. 605641-1 49 2016-01-29



15-008

K-T Bolt Manufacturing Company, Inc.®
1150 Katy Fort-Bend Road

Katy, Texas 77494
Ph: 281-391-2196 Fax: 281-391-2673

Material Test Repoit

Gulf Coast Fasteners

Company:

Part Description: 34 pes 7% X 18” Heavy Hex Bolts
Material Specification: ASTM A325-'01a Type 1
Coating Specification None

Purchase Order Number: H3159

Lot Number: 01232-1

Commeants: None

Material Heat Number: _ 3019444

Chemical Analysis — Weight Percent
cC M P S Si Cu Cr Ni Mo v Cb  Sn Al B Ti N

n
4 80 w00 01 2 23 8 0 20 02 00 012 00 - - -

1 8 1 2 5 9 8 7 1 1 2
100% Melted & Manoufactured in the USA. Values refleet originating Steel Mill

C&I Testing Labs, Inc.®

1170 Katy Fort-Bend Road

Katy, Texas 77494

Ph: 281-391-2197 Fax: 281-391-2044
E-Mail: shirley.tkboltbolt@yahoo.com

Tensile and Hardness Test Results

Lab Reference Number: - 154834

Lab ID; J 95

Date Tested: November 10, 2010
Test Specification: ASTM F606-'00a
Sampling: Per customer
Property #1 Ibf

Tensile: 68.600

Prooffyield 39,250

Elongation -

ROA :

Hardness 34 HRC
Comments
Test results meet tensile/hardness requirements of specification,

TR No. 605641-1 50 2016-01-29



15-008 -

1RANTO
Ll sis 1
K-T Bolt Manufacturing Company. Inc.® € & 1 Testing Labs, inc.
1150 Katy Fort-Bend Road 1170 Katy Forti-Bend Road
Katy, Texas 77494 : Katy, Texas 77494 ¢
Pl 281-391-2196 Vax: 281-391-2673 Ph. 281-391-2197 Fax: 281-391-2044
E-Mail: certs@@k-tbolt.com
‘acp{omber 28, 2015
‘ Material Test Repert
Customer / Company: Mack Bolt & Steel
Part Description: | pes. 7/8% (9p) x 20 Heavy Hex Head Bolts
Material Specification: ASTM A325 - 10 Type |
Coating Specification: Galvanized per ASTM 12329/ A153
Furchase Order Number: 43819-3
Lot Number: 29794
Comments: Nonc
Materigd Heat Number: 3056102 )
Lab Reference Number: M F606-00a

Lab ID: 1587218 ’
Property #1 1bf #2 ibf

Tensile: 71800 -
Yield / Proof: 41600 - s
Elongation % - - i

ROA%

mple  Average \Veigmouft’l Sample  Average ght ozt

i 458 269 6.

3
8.
9.

0.

s Mn P s Si Cu Cr Ni Mo v b Sn: N
A44% 78 B15% AT 20% 23% JH 9% 029%. 004% 001% AT0% L0037%.
100% Melted and Manufaciured in the US4
AN tests are in zcwcon!':m:t with the latest ions of the hods prescribed in the applicable SAE and ASTM specifications. . The samples tmtcd tunfﬂrm to the

specifications listed above and were nianufactured free of mercury contamination. No heats te which Bisntuth, Selenium, Tellurinm or Lcad was intentionally added to
produce the products. The steels were melted and mnmlfdcmred in the U.S.A. and the product manufactured and testedin the U.S.A. We certify that this data is it true
representation of the information provided by the b i fier and our testing laboratory. The ubove tesced sample has been inspected for Visual Discontinuities
and found Acceptable. They comply in nil respects with the rollomn« ASTM A325 Type | and ASME B13:2.6. Threads are per ANSI BI Class 2A.

C&I Testing Labs, Inc.

Sarah Holland .
Data Entry Clerk :

180 9601

All reports are the exclusive property of C&I Testing Labs. Inc.®. Any reproduction must be in their entirety And at the permission of same. All Test
results reflect only material submitied as representative of the lot sampled.

TR No. 605641-1 51 2016-01-29
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1AM
: 15407
K-F Bolt Manufacturing Company, inc.® C & I Testing Labs, Inc.
l 156 Katy Fort-Bend Road 1170 Katy Fort-Bend Road
Katy, Texis 77494 ' : Kaly. Texas 77494
Ph.: 281-391-2194 Fax: 281-391-2673 Ph. 281-391-2197 Fax: 281-391-2044

-tholi.com

E-Mail: certst
Septcmbe 28. 2013
- Matern it Reg

Customer / (.‘(nnpa!l}’:. Mack Bolt & Steel ‘

- Part Description: 1 pe. 7/87 (9p) x 227 Heavy Hex Head Bolts

Material Specification: ASTM A325- 10 Fype |

Coating Specification: Galvanized per ASTM F2323 / A153
Purchase Order Number: 29794

Lot Number: 438194

Commenis: None

Material Heat Number:

Lab Reference Number: Specification: ASTM F606-'00a
Lab ID: 155T219 . Sampling: ASTM F1470
Property 1 Ibf #2 1bf
Tensile: 714900 -
Yield / Proof: 40600
Elongation % -

'}xversge- Weisht ozt
434 2535

Sample -
i3

7.
8.
9.
10.
Hardness-HRG
1. 32

c Mn P $ si e or Ni Mo © ¥ Cb Sno ol N
A% 8% 015% 025% 2% 23% A% 9% 029% 004% BU1% % 2% 0957%

100% Melted and Manafaciured in the USA

All tests are in accurdanee with. the latest revisions of the methods prescribed in the applicable SAE apd ASTM spedifications. Thieisamples tested conform fo the
specifications fisted above and were manufactured free of mercury contamination. Ne hears ¢ which Bismuth, Selenium; Tellurium ot Léad was intentionally added to
produce the products. The stecls were melted and ihanofactured in the l;'.S.,-‘!.. and the product ianufactured and tésted in the TiS.A. We eertily that this data is a true
representation of the information pruvu'!cd by the material supplicr and our testing laboratory. The above tested sample has been inspected for Visual Discontinuitics
and found Acceptable. They comply it all respects with the foliowing ASTM A325 Type | and ASME B18.2.6. Threads ure per ANSE BI Class 2A.

C&I Testing Labs, Inc.

il il

Scu'ah Holland
Data Entry Clerk ’

150 8001

All reports are the exclusive property of C&l Testing Labs, Ine . Any reproduction must be in their entirety And at the permission of same. All Test
results reflect only material submitted as representative of the lot sampled.

TR No. 605641-1 52 2016-01-29
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Stelfast Inc. Report of Chemical and Physical Properties

22979 Stelfast Parkway
Strongsville, Chio

® 44149
Issued To: Mack Bolt, Steel & Machine Purchase Order: 28577

5875 Hwy 21 East .

BRYAN. TX Stelfast Order: SO 124478

77808 Certificate # 498,082

Quantity: 750 Lot Number: GBR13538445-013
Part #: DHWGAO08750 Heat Number: D113000218
DescriDIiOI‘l: 7/% Hardened Washer F436 HDG Coul‘ltl'}’ Of Origin: CN

Chemical Analysis
C Mn P S Si Cr Mo A" B Ni Cu
0.46 0.56 0.019 0.016 0.21

Mechanical Properties
Hardness (Core) 29 -34 HRC

We hereby certify that the above data is a true copy of the data furnished to us by the producing mill or the data
resulting from tests performed in approved laboratories.

This certificate applies to the product shown on this document, as supplied by Stelfast Inc. Alterations to the
product by our customer or a third party will render this certificate void. !

fb Dt

QUALITY MANAGER

February 06, 2015 Page 1 of 1

TR No. 605641-1 53 2016-01-29



15-008 . . .
Stelfast Inc. Report of Chemical and Physical Properties

22979 Stelfast Parkway
Strongsville, Ohio

44149

Issued To: Mack Bolt, Steel & Machine
5875 Hwy 21 East

Purchase Order: 28577
Steifast Order: SO 124478

BRYAN, TX
77808 Certificate #: 520,511
Quantity: 200 Lot Number: 5073290011
Part #: A2HHGO0875C Heat Number: 331312398
Description: 7/8-9 Hvy Hx Nut 2H HDG/TOS 0.022 Country of Origin: CN

Chemical Analysis

C Mn P S Si Cr Mo A% B Ni Cu
0.45 0.74 0.025 0.005 0.17

Mechanical Properties

Minimum Tempering Temp. 520C

Result of 24 Hr. Temper Test 94 - 96 HRB
Hardness (Core) 30 - 32 HRC

Proof Load 80850 LBF MIN.
Macro Etch Test S2,R2.C2

Grade Markings ASTM A194(13a)-2H

We hereby certify that the above data 1s a true copy of the data furnished to us by the producing mill or the data
resulting from tests performed in approved laboratories.

This certificate applies to the product shown on this document, as supplied by Stelfast Inc. Alterations to the
product by our customer or a third party will render this certificate void. 2

ROBERT D. MEAGiER )

QUALITY MANAGER

February 06, 2015 Page 1 of 1

TR No. 605641-1 54 2016-01-29



'05-01-2015 €3:00 Load - 2254541 BL- 3770134 BLR466

Mack Bolt & Steel Heat - JW15100421 15-008
Cust. PO - 29060 Order-Line - 12355408 / 1
Nucor Steel 4/7/2015 9:48:34 AM PAGE 2/008 Fax Server T
NUCOERR Mill Certification MTEQ:&GE&?%@
NUCOR CORPORATION 41712015 {;ggzpéezﬁé?
Fax: (803) 626-6290

NUCOR STEEL TEXAS

Sold To:  KLOECKNER METALS C Ship To: KLOECKNER METALS
500 COLONIAL CENTER PARKWAY 2560 SOUTH LOCP 4
SUITE 500 BUDA, TX 78610
ROSWELL, GA 30076-0000 (512) 4725533

678) 259-8817
ax: (678) 259-8804

Customer P.O.| 6914092 Sales Order | 217107.31

Product Group | Merchant Bar Quality Part Number | 532508002405300
Grade | ASTM A529/A529M-05 GR 55 Lot# | JW1510042151
Size | 1/4x8" Flat Heat# | JW15100421
Product | 1/4x8" Flat 20° A529 Gr55 B.L. Number | J1-701760
Description | A529 Gr55 Load Number| J1-305308&
Customer Spec Customer Part# | MB148WFLTM5290240
| naroby eartity that the materdal doseribed hersin has beon manutactured in with the spac and llsted above and tat it satiefles those requirements.

Roll Date: 1/23/2015  Melt Date: 1/16/2015  Qty Shipped LBS:8,800 Qty Shipped Pcs: 72

C Mn P $ Si Cu Ni Cr Mo \Y Cb CEAS529

0.14% 1.03% 0011% 0.030% 0.20% 0.31% 0.15% 0.14% 0.055% 0.0042% 0.033% 0.42%
Cbv MN/C

0.040% 07.36%

CEA52%3 F\\ISE CARBON EQUIVALENT

CBV: C
MN/C:MN/C
Yield 1: 69,400psi Tensile 1: 84,000psi Elongation: 20% in 8"(% in 203.3mm)
Yield 2: 68,600psi Tensile 2: 83,700psi Elongation 24% in 8"(% in 203.3mm)

Specification Comments: COMPLIES WITH DIN 50049 PARA 3.1B & EN 10204-3.1

Comments: E-mail: websales@nstexas.com

1. All manufacturing processes of the steel, includin melhng, have been ﬁerlarmed in the U.S.A.
2 Mercury in an){ form has not been used in the production or festing of this product.
‘elding or weld repair was not perfomed on this material.
4 Thls material conforms to the SRJ rﬁcahons descrlbed on this document and may not be reproduced, except
in full, without written approval of Nucor Corp
5. Resuits reparted for ASTM E45 (Inclusmn content) and ASTM E381 {Macro-etch) are provided as interpretation
of ASTM procedures.

Bhargava R Vantari
NBMG-10 January 1, 2012 Division Metallurgist Page2 of 8
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= lexas ASM Dac. Mo, l Revision
A Transportation Dhale:
Al |siinte 5.7.2 Concrete Break |WF572
Praving Grourd Tawan A&M Linlvarally 21120917
F10d 5H 47, Bldy 7091 College Stallon, TE 77E43
Biyan, TX 7707 Phone SP8-040-E57 5 |
SRR L R T i Revision: | Page-
. ¥ o 1 baL i i O Ireder
Quality Policy Form Approved by: C. E. But 5 lof]
Project No.: £ psZd /. CastingDate: Zpis™-o0F & . .
Placement: S £/4/5 i o A Mix Design P.S.I.: _"_?f@,?_ﬁl,._ i
[ TruckN Batch Ticket Yard Erled name of - ey ot
R A Ry Technician taking sample: &2 #2ns Nt
Signature of
I EEnSe Technician taking sample é CDK#
—— Printed nama of
= Technician breaking sample: (.zf= I-u’..rqj ’?{
H Signature of
T e, b e W ‘_‘-—"_""‘*m_ ! Technician breaking sample
= Truck Total Load
e Break Date At Cylinder Age No. (Pounds) l Psl Breah: hverage
205 10-2) | /9 oavs /32 00 :9’46‘7” e
122000 |45¢35 | & L4 G
35 | —_ A /
LA /F5ilpan |Siz7eT D0 RS

|

—
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LS

62-T0-9T0¢

/i ]Texasﬂﬁﬂaﬂi
ransporiation
AN Insntgte

Praving Ground Taxas A%k Linlverety
100 51 47, Bldg e Collane Slaton, TX T7E43
Bryan, T TTE0T Prana 8rd-846-63 75

Quality Policy Form

T T T R s e R e
Date:
5.7.2 Concrete Brea QPF 502
nerete Break 201 2-09-17
b, Revizion: Page:
Rewised by: G, E. Schroedar A i
Appeoved by: C. E. But 5 1of1

ProjectNo.: /oS 4 &/

Casting Date: .Zo7 & - 25— 2

Placement: [ £AFL 7~ Mix Design P.S1: “oro
TR : 1 Printed name of g |
._____.Tru':k N_i_...., _*Bf iEh TIGEL GBS | Technician taking sample: Cfe-wz ~d /‘741/{:_
Signature of
: TN Y e Technician taking sample: L/‘g 4 -(ﬁ/
- e e ) — —Printed name of
e _-_-_H || Technician breaking sample: ;":':p B .-.J
Signature of
e e ':?_"‘—""'__"'-—_—'__--M‘-«,_ l Techniclan breaking sample%—/;é - M
en s Tk [ Total Load)
Break Difa__h ¥: C_yullnder Age No. (Pounds) PSI Break i, Y= qmjerage _____
Zossto- 21 | Y€ days 176,520 | 120 | i
Fspas | el |l 2Ll ST
PR S T P A T _'_._ e T R e / 4 el
STl R T 2 se T ESR
e e = 0 AT i
;.--——.-—————T—._—._— — __.__r_
E =l e = 1|







APPENIDX C.

CRASH TEST NO. 605641-1 (MASH TEST 3-21)

C.1 VEHICLE PROPERTIES AND INFORMATION
Table C.1. Vehicle Properties for Test No. 605641-1.
Date: 2015-10-21 Test No.: 605641-1 VIN No.: 1D7RB16T4AS206652
Year: 2010 Make: Dodge Model: Ram 1500
Tire Size: 265/70R17 Tire Inflation Pressure: 35 psi
Tread Type: Highway Odometer: 197278
Note any damage to the vehicle prior to test: None
® Denotes accelerometer location. m—b
NOTES: _None I ‘ LLHE= T I
. A M 4( - —-———-—r N T
Engine Type: V-8 TRACK
Engine CID: 5.7 liter l l l?’f‘mﬁ& l

Transmission Type:
X Auto or

Manual

RWD

FWD x

4WD

Optional Equipment:

o [ ————— o]

None T
O 1
Dummy Data: l }K %
Type: No dummy used
Mass: NA -—F—ma— H—w -G L —
Seat Position: NA ~— E——™
T M Y M
FRONT REAR.
Geometry: inches L & il
A 78.50 F 40.00 K 19.75 P 3.00 U 28.50
B 74.25 G 28.60 L 29.00 Q 30.50 \Y 29.50
C 227.50 H 60.54 M 68.50 R 18.00 W 60.50
D 47.00 | 11.75 N 68.00 S 13.25 X 77.00
E 140.50 J 27.00 (@] 46.25 T 77.00
Wheel Center Wheel Well Bottom Frame
Height Front 14.75 Clearance (Front) 6.00 Height - Front 18.25
Wheel Center Wheel Well Bottom Frame
Height Rear 14.75 Clearance (Rear) 9.25 Height - Rear 25.10
GVWR Ratings: Mass: Ib Curb Test Inertial Gross Static
Front 3700 Meront 2971 2882 ————
Back 3900 Miear 2151 2182 o
Total 6700 Motal 5172 5064 o
(Allowable Range for TIM and GSM = 5000 Ib +110 lb)
Mass Distribution:
b LF: 1422 RF: 1460 LR: 1114 RR: 1068
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Table C.2. Measurements of Vehicle Vertical CG for Test No. 605641-1.

Date: 2015-10-21  Test No.: 605641-1 VIN: 1D7RB16T4AS206652

Year: 2010 Make: Dodge Model: Ram 1500

Body Style: Quad Cab Mileage: 197278

Engine: V-8 5.7 liter Transmission: Automatic

Fuel Level: Empty Ballast: 76 1b (440 Ib max)
Tire Pressure: Front: 35 psi Rear: 35 psi Size: 265/70R17

Measured Vehicle Weights:  (Ib)

LF: 1422 RF: 1460 Front Axle: 2882
LR: 1114 RR: 1068 Rear Axle: 2182
Left: 2536 Right: 2528 Total: 5064
5000 +110 Ib allow ed
Wheel Base: 140.5 inches Track: F: 68.5 inches R: 68 inches
148 +12 inches allow ed Track = (F+R)/2 = 67 1.5 inches allow ed

Center of Gravity, SAE J874 Suspension Method

X: 60.54 inches Rear of Front Axle (63 +4 inches allow ed)
Y: -0.05 inches Left - Right + of Vehicle Centerline
Z 28.6 inches Above Ground (minumum 28.0 inches allow ed)
Hood Height: 46.25 inches Front Bumper Height: 27.00 inches

43 +4 inches allowed

Front Overhang: 40.00 inches Rear Bumper Height: 29.00 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. 605641-1.

Date:  2015-10-21 Test No.: 605641-1 VIN No.: 1D7RB16T4AS206652

Year: 2010 Make: Dodge Model: Ram 1500

VEHICLE CRUSH MEASUREMENT SHEET!

Complete When Applicable

End Damage Side Damage
Undeformed end width Bowing: B1 X1
Corner shift: Al B2 X2
A2
End shift at frame (CDC) Bowing constant
(check one) X1+ X2
<4 inches T -
> 4 inches

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

Direct Damage

Specific
Impact Plane* of Width** | Max*** | Field C. C. Cs Cs Cs Co +D
Number C-Measurements (CDC) Crush L**
1 Front plane at bumper ht 20 14 36 14 12 10 9 6 2 -12
2 Side plane at bumper ht 20 17 30 3 35 - -- 16 17 +76

Measurements recorded

in inches

Table taken from National Accident Sampling System (NASS).

*1dentify the plane at which the C-measurements are taken (e.g., at bumper, above bumper, at sill, above sill, at
beltline, etc.) or label adjustments (e.g., free space).

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

**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).

***Measure 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. 605641-1.

Date:  2015-10-21 Test No.: 605641-1 VIN No.: 1D7RB16T4AS206652

Year: 2010 Make: Dodge Model: Ram 1500

OCCUPANT COMPARTMENT
A DEFORMATION MEASUREMENT

. L i Before After

\ (inches ) (inches )
N R Al 65.25 65.00
: A2 62.50 62.50
Ll D= a3 65.50 65.50
B1 44.75 46.00
B2 37.75 37.75
B3 44.75 44.75
B4 39.50 39.50
B5 43.25 43.25
B6 39.50 39.50
| C1 27.50 24.50

c2 e e

C3 26.50 26.50

D1 11.25 12.50

D2 e e

D3 11.25 11.25

( El 58.50 58.25
B1, E2 63.50 64.00
~ E3 63.25 63.25
E4 63.25 63.25

= F 58.50 58.50
G 58.50 58.50

H 37.25 37.25

) - | 37.25 37.25
iokpano! o pascanger s site Kekpangl J* 23.50 19.50
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C.2 SEQUENTIAL PHOTOGRAPHS

T
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Figure C.1. Sequential Photographs for Test No. 605641-1 (Overhead and Frontal Views).
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Figure C.1. Sequential Photographs for Test No. 605641-1 (Overhead and Frontal Views)
(Continued).
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Figure C.2. Sequential Photographs for Test No. 605641-1 (Rear View).
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Figure C.3. Vehicle Angular Displacements for Test No. 605641-1.
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Figure C.4. Vehicle Longitudinal Accelerometer Trace for Test No. 605641-1
(Accelerometer Located at Center of Gravity).
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Figure C.5. Vehicle Lateral Accelerometer Trace for Test No. 605641-1
(Accelerometer Located at Center of Gravity).
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Figure C.6. Vehicle Vertical Accelerometer Trace for Test No. 605641-1
(Accelerometer Located at Center of Gravity).
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Figure C.7. Vehicle Longitudinal Accelerometer Trace for Test No. 605641-1
(Accelerometer Located Rear of Center of Gravity).

1.4

1.6



T-T#9509 ON d.L1

1.

62-T0-9T0¢

Lateral Acceleration (G)

Y Acceleration Rear of CG

25
20 !
Test Number: 605641-1
Test Standard Test Number: MASH Test 3-11
15 Test Article: Temporary CMB Pinned on Asphault to Rigid CMB
Test Vehicle: 2010 Dodge Ram 1500 Pickup
" " Inertial Mass: 5064 Ib
10 Impact Speed: 62.5 mi/h
/M N Impact Angle: 25.1 degrees
5
07 \N ; M O e e
-5 1 v
-10
0 0.2 0.4 0.6 0.8 1.0 1.2 1.4
Time (S)
—— SAE Class 60 Fiter —— 50-msec average ‘

Figure C.8. Vehicle Lateral Accelerometer Trace for Test No. 605641-1
(Accelerometer Located Rear of Center of Gravity).
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Figure C.9. Vehicle Vertical Accelerometer Trace for Test No. 605641-1
(Accelerometer Located Rear of Center of Gravity).
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