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1 INTRODUCTION
1.1 Problem Statement

In practice, temporary concrete barriers must be connected and transitioned to many types
of barriers, as shown in Figure 1. Sometimes the temporary concrete barriers are connected to
similarly shaped permanent concrete barriers while at other times, they must be connected to vertical
concrete barriers, tubular steel bridge railings, W-beam guardrail, thrie-beam guardrail, and open
concrete bridge railings. Unfortunately, there has been little effort devoted to this issue and only the
transition between safety shaped concrete barriers and temporary concrete barriers has been
designed (1). Thus, there is a need to identify the temporary barrier transition situations that the
Pooled Fund states need.

Identifying the temporary barrier transition designs that are needed and their usage
characteristics is necessary to develop transition designs for resolving these problems. However,
addressing all of the possible transition situations would be costly. Thus, since only a small number
of transitions will actually be developed, identifying the most prominent need is required. This will
ultimately lead to the development of a transition between temporary concrete barrier systems and
other types of longitudinal barrier system. The new design should provide a significant improvement
in safety of the motoring public.

1.2 Research Objective

The objectives of this research were to (1) identify the most prominent transition need

between temporary concrete barriers and other types of barriers and (2) develop a temporary

concrete barrier transition for the highest priority situation. The transition design was to be evaluated
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according to the Test Level 3 (TL-3) safety performance criteria set forth in the Manual for
Assessing Safety Hardware (MASH) (2).
1.3 Scope

The research objective was achieved through the completion of several tasks. First, a survey
6f the Midwest States Regional Pooled Fund members was conducted to identify the most prominent
transition need with respect to temporary concrete barriers. Next, a brainstorming session was
undertaken to design a temporary concrete barrier transition for the most prominent need. After the
transition design was developed, a computer simulation modeling was undertaken to analyze and
determine the Critical Impact Points (CIPs) for the transition. Two full-scale vehicle crash tests were
performed on the transition system. The crash tests utilized '2-ton pickup trucks, each weighing
approximately 5,004 Ib (2,270 kg). The targeted impact conditions for the tests were an impact speed
of 62.1 mph (100.0 km/h) and an impact angle of 25 degrees. Next, the test results were analyzed,
evaluated, and documented. Finally, conclusions and recommendations were made that pertain to

the safety performance of the design for a temporary concrete barrier transition.
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2 LITERATURE REVIEW

2.1 Approach Transition Between Temporary Concrete Barrier And Rigid Barrier

In 2005, MwRF designed and evaluated a transition from free-standing temporary concrete
barrier to rigid concrete barrier (1). This design was developed for roadside applications and was
not intended for use in median installations. The test installation consisted of five rigidly constrained
barriers on the downstream end, four transition barriers, and thirteen free-standing barriers on the
upstream end. The rigid barrier end was simulated by bolting down the final five F-shape barriers
with 1 Ve-in. (29-mm) diameter B7 threaded rod epoxied into the concrete at an embedment depth
of 12 in. (304 mm). The transition to free-standing barrier utilized in a transition in stiffness over
the four barriers with a varied spacing of an asphalt pin tie-down system in the traffic-side. The first
barrier in the transition (also the one adjacent to the free-standing barriers) had a si;ngle pin at the
downstream end on the traffic side face of the barrier. The sécond barrier had pins installed at the
two outermost hole locations on the traffic side face of the barrier. The final two barriers had all
three pins installed on the traffic-side. The free standing barrier and the bolted down barrier were
joined by loop and pin connection at the joint. To reduce the potential for vehicle snag at the joints,
nested thrie beam was also bolted across both sides of the barrier at the joint between the pinned
barrier and the rigid barrier system. In test no. FTB-2, a 4,475-Ib (2,030-kg) pickup truck impacted
the system 48 in. (1,219 mm) upstream of the joint between barrier nos. 14 and 15, which are the
first two pinned barriers in the transition at a speed of 63.8 mph (102.7 km/h) and at an angle of 26.1
degrees. During the impact, the vehicle was safely redirected, and the test was determined to be
acceptable according to the TL-3 safety performance criteria of test designation 3-21 found in

NCHRP Report No. 350 (3).
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3 COMMON TRANSITION SITUATIONS

At the onset of this project, the Midwest States Regional Pooled Fund states were surveyed
to determine which types of temporary concrete barrier approach transitions are needed, which types
are currently used, and which types are the most important. The initial survey sent to each of the
Pooled Fund states is shown in Appendix A. The states were given eight types of commonly used
temporary concrete barrier transitions and invited to add their own as desired. For each transition,
the states were asked to (1) identify the usefulness of the transition; (2) identify the approximate
percentage of all temporary barrier transitions that each type composes; and (3) rank the transition
types in order of importance.

Nine out of the thirteen surveyed states responded to the initial survey. Photographs and
details of Yarious temporary barrier transitions were also obtained from the states and are shown in
Appendix B. After compiling the responses from the states, the various transition needs were
organized into a limited number of design categories that resulted in the smallest number of full-
scale crash tests as possible. Priorities for the project were assigned based on: (1) the importance of
the transition to the States participating in the Pooled Fund Program; (2) the number of different
systems that can be addressed simultaneously; and (3) the potential for the development of a
successful design. According to the responses and as summarized in Table 1, the most useful
transitions were those connecting temporary concrete barriers to permanent concrete safety shape
barriers and permanent concrete vertical barriers. The highest percentage of all the transitions
currently in use were those connecting temporary concrete barriers to permanent concrete safety
shape barriers and tubular steel bridge railbings. In rank of importance, transitions to permanent

concrete safety shape barriers were again at the top, followed by transitions to W-beam guardrail.
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As the most popular in all three categories, the transition between temporary concrete
barriers and permanent concrete safety shape barriers was chosen for development of a transition
solution. Realizing that such a transition may be applicable to more than one type of permanent
concrete barrier, the researchers expanded the scope of the design to include both vertical concrete
parapets, safety shape barriers, and single-slope barriers, but intending to only test the most critical.
Since an NCHRP Report No. 350 compliant design for the transition between temporary concrete
barriers and permanent safety shaped barriers for roadside applications was recently developed (1),
a median application was selected for this study.

After making the initial selection, the researchers determined that two possible
configurations for a median barrier transition situation exist, an end-to-end barrier transition or an
offset-overlap barrier transition, as shown in Figure 2. Thus, a second survey was sent to the Pooled
Fund states asking them to select their most common configuration. Eight statés replied to the
additional survey with five selecting the end-to-end barrier transition and three selecting the offset-
overlap transition. Therefore, the project was to proceed with the design of an end-to-end transition
between a permanent concrete barrier and a series of temporary concrete safety shape barriers for

median applications, as shown as Option 2 in Figure 2.



Table 1. Summary of Temporary Barrier Transition State Survey

Transition 1ype - 1emporary Usefulness Summary: (1) Percent Rank
Concrete Safety Shape Barrier 2) (3)
Transitioning to:

Not Useful Somewhat Useful Very Useful
W-Beam Guardrail 1 2 - 4 . 2 30% 2
Thrie-Beam Guardrail 1 .2. 3 4 5 0?/0. 6
Permanent Concrete Vertical ;

2 5

Barrier 1 > '4" 1 5% v 3
Permanent Concrete Safety
Shape Barrier L ) 3 4 -5- 40% 1
Temporary Concrete Safety , o .
Barrier 1 2 3 4 [ § " 10% 4
Tubular Steel Bridge Railing :l 2 3 8 . 0% 7
Open Concrete Bridge Railing 1 2 3 .4 I 5 5% 5
Box-Beam Guardrail 4 0%

Note: States completing the survey were asked to:
(1) Identify how useful the development of the listed transition would be to your state by circling a number from 1 to 5.
(2) Include the approximate percentage of temporary barrier transitions which are comprised of the listed transitions.
(3) Rank the transition types in order of their benefit to your state with 1 being the most beneficial.
(4) Include pictures, details, and drawings concerning temporary concrete barrier transitions, including all those listed below.
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OPTION 1 ~ OFFSET OVERLAP TRANSITION
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Figure 2. Temporary Concrete Barriers to Permanent Barrier Transition Options
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4 DEVELOPMENT OF A TEMPORARY CONCRETE BARRIER TRANSITION
4.1 Design Considerations
The next phase of the research was to determine the type of permanent concrete barrier that
would be the most cﬁtical when used in an approach transition. To make this determination, the
shapes of various permanent median barrier designs were compared to the shape of both the narrow
and wide versions ofthe 32-in. (813-mm) tall F-shape temporary barrier. The following comparisons
were completed:

1. 32-in. (813-mm) F-shape temporary barrier to 32-in. and 42-in. (813-mm and 1,067-mm)
F-shape and New Jersey (NJ) -shape median barriers,

2.  32-in. (813-mm) F-shape temporary barrier to 32-in. and 42-in. (813-mm and 1,067-mm)
Texas (TX) and California (CA) single-slope median barriers,

3. 2-in. (813-mm) F-shape temporary barrier to 32-in. and 42-in. (813-mm and 1,067-mm)
vertical median barriers,

4. 32-in. (813-mm) wider F-shape temporary barrier to 32-in. and 42-in. (813-mm and 1,067-
mm) F-shape and NJ-shape median barriers,

5. 32-in.(813-mm) wider F-shape temporary barrier to 32-in. and 42-in. (8 13-mm and 1,067-
mm) TX and CA single-slope median barriers,

6. 32-in.(813-mm) wider F-shape temporary barrier to 32-in. and 42-in. (813-mm and 1,067-
mm) vertical median barriers.

Detailed drawings of each of these scenarios are shown in Appendix C.

From the comparison of the various shapes, it was determined that the 42-in. (1,067 mm) tall
CA single-slope median barrie;' provided the worst case situation. Comparison of the F-shape
temporary barrier geometry with the single-slope barrier showed that there was a high potentigl for
vehicle snag on the sides of the permanent barrier as well as on the 10 in. (254 mm) height

difference of the barriers, as shown in Figure 3. It was determined that shifting the temporary barrier



Traffic from Traffic from Troftic from Traffic from Traffic from
Perrnanent | © - Ternporary Permanent Termnporary Permanent
Barrier to Barrier ta Barrier to Barrier t& Barrier to
Ternporary : Perrnanent Temporary Permanent Ternporary
Barrier Barrier Barrier Barrier Barrier

01

Troffic from
Temparary
Borrier to
Permanent
Barrier

Vertical Peparpet Safety Shope Singte Slope

Note: {1) The 32° ternporary F—shape barrier is shown as the front barrier.

Figure 3. Temporary F-Shape Barrier to Permanent Concrete Median Barrier

01-807-€0-dU.L "ON 1odsy ASYMIN

010T ‘S1 Anf



July 15, 2010
MwRSF Report No. TRP-03-208-10

toward the traffic-flow side of the single-slope so that the slope breakpoint at the top of the toe of
the temporary barrier lines up with the traffic-side face of the permanent single slope would help
alleviate some of the snag potential on the single-slope barrier. This asymmetrical placement would
only present a safety concern if the temporary barrier were used to separate traffic flowing in the
same direction, such as in a gore area. However, it was believed that this situation would be better
treated with a barrier end treatment. |
4.2 System Details

The 166-ft 10-in. (50.9-m) long test installation details for a transition from temporary
concrete barriers to a permanent concrete barrier are shown in Figures 4 through 20. The test
installation consisted of a rigid parapet, four transition barriers, eight free-standing barriers on the
upstream end, and a transition cap. The transition and free-standing barriers were installed on a 3-in.
(76-mm) thick asphalt pad. Photographs of the test installation are shown in Figureé 21 through 23.

The transition utilized a varied spacing of the asphalt pin tie-down system to create a
transition in stiffness over a series of four barrier segments. The asphalt pins used in the design were
1 % -in. (38-mm) diameter x 38 %2-in (978-mm) long ASTM A36 steel pins with 3-in. x 3-in. x 2-in.
(76-mm x 76-mm x 13-mm) ASTM A36 steel cap plates with a 1 %; -in. (38.1-mm) diameter hole
in the center. The steel cap was welded on to the pin on both the top and bottom surfaces of the plate
at a position of 36 in. (914 mm) from the bottom of the pin to the top of the plate. These pins were
installed in the holes on both the front and back faces of the four barriers in the transition section
of the installation. The first barrier in the transition (the one adjacent to the free-standing barrier)
had a single pin at the downstream end on both the front and back sides. The second barrier had pins

installed at the two outermost hole locations on both the front and back faces. The final two barriers
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had all three pins installed on both the front and back faces.

In order to reduce the potential vehicle snag at the joint between the pinned barriers and the
rigid parapet, a transition cap and nested thrie beam sections were added. The nested 12-gauge thrie
beam sections were bolted across both sides of the barrier at the joint between the pinned barrier and
the rigid parapet. It should be noted that 10-gauge thrie beam can be substituted for the nested 12-
gauge in actual installations if desired. The thrie beam was bolted to the barriers using five %-in.
(19-mm) diameter x 6-in. (152-mm) long, Power Fasteners Wedge-Bolt Anchors at each end of the
beam, as shown in Figure 16. In addition, the middle of the thrie section was attached to the pinned
barrier with two %-in (19-mm) diameter Grade 5 bolts and %-in (19-mm) diameter RedHead Multi-
Set I Drop-in Anchors. A wooden spacer block was used to offset the thrie beam from the concrete
barrier on the back side of the installation. The two bolts on the front facg were 1 % in. (44 mm)
long, while the two on the back face were 5 % in. (’140 mm) long. The 12-gauge ASTM A36 steel
cap was 6 1/16 in. (154 mm) and 8 s in. (206 mm) wide at the top and bottom, respectively, with
a height of 10 in. (254 mm). Four 12-gauge ASTM A36 gussets were stitch welded on three sides
inside the cap. The cap details are shown in Figures 17 through 19.

The concrete barrier utilized of Iowa’s Concrete Barrier Mix, which was configured with a
minimum 28-day concrete compressive strength of 5,000 psi (34.5 MPa). A minimum concrete
cover varied at different rebar positions within the barrier. A minimum concrete cover of 2 in. (51
mm) was used along the top of the vertical stirrup rebar and at the bottom of the longitudinal rebar.
Minimum concrete cover of 1 % in. (44 mm) and 1 in. (25 mm) were used along the sides of the

vertical stirrup rebar and at the rebar around the anchor bolt block, respectively. All steel
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reinforcement in the barrier conformed to ASTM A615 Grade 60 rebar, except for the loop bars
which were ASTM A706 Grade 60 rebar. The barrier reinforcement details are shown in Figure 11.

Barrier reinforcement consisted of three No. 5 and two No. 4 longitudinal bars, twelve No.
4 bars for the vertical stirrups, and six No. 6 bars for the anchor Bolt block reinforcement loops. Each
of the five longitudinal rebar was 12 ft 2 in. (3.71 m) long. The vertical spacing of the lower, middle,
and upper longitudinal bars were 6 Y2 in. (165 mm), 14 % in. (368 mm), and 29 Y& in. (780 mm) from
the ground to their centers, respectively. The vertical stirrups were 72-in. (1,829-mm) long and were
bent into the shape of the barrier. Their spacing varied longitudinally, as shown in Figure 11. The
reinforcing steel loops used around the tie-down anchor holes in the barrier were 35 in. (889 mm)
long, were bent into a U-shape, and were used to reinforce the anchor bolt area.

The barriers used a pin and loop type connection comprised of two sets of three rebar loops
on each barrier interconnection. Each loop assembly was configured with three ASTM A706 Grade
60 No. 6 bars that were bent into a loop shape. The vertical pin used in the connection consisted of
a 1 % in. (32-mm) diameter x 28-in. (711-mm) long round bar comprised of ASTM A36 steel. The
pin was held in place using one 2 %-in. wide x 4-in. long x Y2-in. thick (64-mm x 102-mm x 13-mm)
ASTM A36 steel plate with a 1 ¥-in. (35-mm) diameter hole centered on it. The plate was welded
2 Y% in. (64 mm) below the top of the pin. A gap of 3 % in. (92 mm) between the ends of two
consecutive barriers was formed from the result of pulling the connection taut.

The single-slope permanent concrete barrier was 21 2 in. (545 mm) and 8 in. (203 mm) wide
at the base and top, respectively, with an overall height of 42 in. (1,067 mm) from the ground to the
top of the barrier. The single—slope‘concrete barrier had a overall length of 13 ft - 4 in. (4,064 mm).

-The concrete used for the barrier consisted of Nebraska 47-BD Mix Type 3, with a minimum 28-day

13



July 15,2010
MwRSF Report No. TRP-03-208-10

concrete compressive strength of 5,000 psi (34.5 MPa). A minimum concrete cover of 2 in. (51 mm)
was used along the entire barrier. All the steel reiﬁforcement in the barrier was ASTM A615 Grade
60 rebar. The barrier reinforcement details, which consisted of ten No. 5 longitudinal bars and
fourteen No. 4 and thirteen No. 6 bars for the vertical stirrups are shown in Figures 12 and 14. The
single-slope barrier employed a 30-in. deep by 36-in. wide (762-mm x 914-mm) reinforced concrete
footing at its base. The footing was tied to the single slope barrier with fourteen No. 6 vertical

stirrups that were tied to the No. 4 vertical stirrups in the barrier with No. 5 bars.
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Figure 23. Tempbrary Concrete Barrier to Permanent Concrete Barrier Transition, Test No. TCBT-1
and TCBT-2
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5 CIP DETERMINATION UTILIZING COMPUTER SIMULATION

LS-DYNA was used to determine the critical impact point (CIP) for the second full-scale
crash test on the TCB transition, test TCBT-2. For this CIP, barrier deflections are expected
potentially causing pocketing in the system resulting in potentially unstable vehicle behavior or
vehicle override of the system. A detailed model of the TCB was built and impacted at various
locations along the barrier to determine the likely CIP. Selected results of the simulations are shown
in Figures 24 thru 27. Four different cases are presented:

Case A — impact just upstream of barrier 3

Case B — impact Y2 barrier length upstream from Case A

Case C — impact 1 barrier length upstream from Case A (just upstream of barrier 4)
Case D — impact 1% barrier lengths upstrgam from Case A

Determinaﬁon of the CIP considered evaluation of the stability of the impacting vehicle as
well as examination of vehicle behavior including barrier motions such as displacement, roll and
yaw. Top view sequential for the four cases are shown in Figure 24 (initial impact), Figure 25 (at
150 ms), and Figure 26 (at 300 ms). Downstream views are shown in Figure 27 (at 300 ms and 500
ms). Barrier displacement, barrier roll, and barrier yaw are shown in Figure 28.

Case A exhibited relatively limited barrier motion and although the vehicle exhibited the
most pitch, that motion did not cause any significant indication of the vehicle becoming unstable and
thus Case A was ruled out for the CIP. Impacts downstream of Case A were expected to produce
even lower barrier motions due to the increased constrain on the barriers in the transition. Case D
appeared to have the smoothest redirection of the vehicle and was thus ruled out for the CIP. Cases

B and C demonstrated somewhat similar behavior, but researchers concluded that Case C had higher
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barrier motions overall and slightly more vehicle roll than Case B. Thus, Case C was chosen as the
CIP for test TCBT-2.

It should be noted that the CIP for the downstream CIP adjacent to permanent barrier was
chosen as 4.3 ft (1.3 m) upstream of the permanent barrier. This value is based on guidance for CIP
values for rigid barriers and temporary concrete barriers provided in Table 2.6 in MASH. It
represents the distance upstream of a post or joint in a rigid barrier that has increased potential for
ve;hicle snag. Due to the high stiffness of the anchored temporary concrete barrier sections adjacent
to the permanent barrier, it was believed that this CIP location would be sufficient to determine the

potential for snag on the rigid median barrier.
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Barrier 5 Barrier 4 Barrier 3

Case A

Case B

Case C

Case D

Figure 24. TCB Transition CIP-2000P 100 km/h at 25 degree-Impact Location-Test TCBT-2
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Barrier 5 Barrier 4 Barrier 3

Case A

Case B

Case C

Case D

Figure 25. TCB Transition CIP - 2000P 100 km/h at 25 degree - 150 ms - Test No. TCBT-2
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Barrier 5 Barrier 4 Barrier 3
Case A s o ———

Case B

Case C

Case D

Figure 26. TCB Transition CIP - 2000P 100 km/h at 25 degree - 300 ms - Test No. TCBT-2
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At 300 ms

At 500 ms
Figure 27. TCB Transition CIP - 200p 100 km/h at 25 degree - Test No. TCBT-2
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6 TEST REQUIREMENTS AND EVALUATION CRITERIA
6.1 Test Requirements
Approach transitions, such as temporary concrete barrier transitions, must satisfy impact
safety standards in order to be accepted by the Federal Highway Administration (FHWA) for use
on National Highway Systems (NHS) construction projects or as a replacement for existing designs
not meeting current safety standards. According to TL-3 of MASH, longitudinal barriers must be
subjected to two full-scale vehicle crash tests. The two full-scale crash tests are as follows:
1. Test Designation 3-20, consisting of a 2,425-Ib (1,100-kg) small car
impacting the barrier system at a nominal speed and angle of 62.1 mph
(100.0 km/h) and 25 degrees, respectively.
2. Test Designation 3-21, consisting of a 5,004-1b (2,270-kg) pickup truck
impacting the barrier system at a nominal speed and angle of 62.1 mph (100
km/h) and 25 degrees, respectively.
A rigid, F-shaped bridge rail was successfully impacted by a small car weighing 1,800 1b
(893 kg) at 60.1 mph (96.7 km/h) and 21.4 degrees according to the American Association of State
Highway and Transportation Officials (AASHTO) Guide Specifications for Bridge Railings (4-5).
In the same manner, rigid New Jersey safety shape barriers struck by small cars have also been
shown to meet safety performance standards (6-7). In addition, a New Jersey safety shape barrier
was impacted by a passenger car weighing 2,57 91b (1,170 kg) at 60.8 mph (97.9 km/h) and 26.1
degrees according to the TL-3 standards set forth in MASH (8). Furthermore, temporary New Jersey
safety shape concrete median barriers have experienced only slight barrier deflection when impacted
by small cars and behave similar to rigid barriers (2). The transition was designed to prevent any

vehicle snag for the small car or truck with no exposed face of barrier when traffic is flowing in

opposing directions, as shown in Figure 7. This asymmetrical placement would only present a safety
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concern if the temporary barrier were used to separate traffic flowing in the same direction, such as
in a gore area. As such, 2,425-1b (1,100-kg) passenger car test was deemed unnecessary for this
project. Two Critical Impact Points (CIP's) needed to be evaluated for the approach transition. The
first CIP was located adjacent to the point where the transition attaches to the permanent barrier and
is used to evaluate snag and pocketing near the hazard. The second CIP was located near the
upstream end of the transition and is used to evaluate the stiffness transition, which can cause
pocketing and vehicle instability. The test conditions for TL-3 longitudinal barriers are summarized
in Table 2.
6.2 Evaluation Criteria

Evaluation criteria for full-scale vehicle crash testing are based on three appraisal areas: (1)
structural adequacy; (2) occupant risk; and (3) vehicle trajectory after collision. Criteria for
structurai adequacy are intended to evaluate the ability of the barrier to contain, redirect, or allow
controlled vehicle penetration in a predictable manner. Occupant risk evaluates the degree of hazard
to occupants in the impacting vehicle. Vehicle trajectory after collision is a measure of the potential
for the post-impact trajectory of the vehicle to cause subsequent multi-vehicle accidents. This
criterion also indicates the potential safety hazard for the occupants of other vehicles or the
occupants of the impacting vehicle when subjected to secondary collisions with other fixed objects.
These three evaluation criteria are summarized in Table 3 and defined in greater detail in MASH (2).
The full-scale vehicle crash tests were conducted and reported in accordance with the procedures

provided in MASH.
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Table 2. MASH Test Level 3 Crash Test Conditions

_ Impact Conditions
. Test Test Evaluation
Test Article Designation | Vehicle Speed Angle Criteria!
(mph) | (km/h) | (degrees)
Longitudinal | 320 | 1100C | 621 | 100 25 ADFH]
Barrier 3-21 2270P 62.1 100 25 A,D,F.H,I

! Evaluation Criteria explained in Table 3.

Table 3. MASH Evaluation Criteria for Crash Tests

Structural
Adequacy

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

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

Occupant

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

Risk

Longitudinal and lateral occupant impact velocities should fall below the
preferred value of 30.0 ft/s (9.1 m/s), or at least below the maximum
allowable value of 40.0 ft/s (12.2 m/s).

Longitudinal and lateral occupant ridedown accelerations should fall below
the preferred value of 15.0 g’s, or at least below the maximum allowable
value of 20.49 g’s.
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7 TEST CONDITION S
7.1 Test Facility

The testing facility is located at the Lincoln Air Park on the northwest side of the Lincoln
Municipal Airport and is approximately 5 mi. (8.0 km) northwest of the University of Nebraska-
Lincoln.

7.2 Vehicle Tow and Guidance System

A reverse cable tow system with a 1:2 mechanical advantage was used to propel the test
vehicle. The distance traveled and the speed of the tow vehicle were one-half that of the test vehicle.
The test vehicle was released from the tow cable before impact with the barrier system. A digital
speedometer on the tow vehicle increases the accuracy of the test vehicle impact speed.

A vehicle guidance system developed by Hinch (10) was used to steer the test vehicle. A
guide-flag, attached to the frént-leﬁ wheel and the guide cable, was sheared off before impact with
the barrier system. The ¥s-in. (9.5-mm) diameter guide cable was tensioned to approximately 3,500
1b (15.6 kN), and supported laterally and vertically every 100 ft (30.48 m) by hinged stanchions. The
hinged stanchions stood upright while holding up the guide cable, but as the vehicle was towed
down the line, the guide-flag struck and knocked each stanchion to the ground. For tests TCBT-1
and TCBT-2, the guidance systems were 900 ft (274 m) long.

7.3 Test Vehicles

For test no. TCBT-1, a 2002 Dodge Ram 1500 Quad Cab pickup truck was used as the test

. vehicle. The test inertial and gross static weights were 5,006 1b (2,271 kg) and 5,175 Ib (2,347 kg),

respectively. The test vehicle is shown in Figure 29, and vehicle dimension are shown in Figure 30.
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Figure 29. Test Vehicle, Test No. TCBT-1
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Date: 4/4/2008 Test Number: TCBI-1 Modek: Ram 1500 Q.C.
Make: Dodge Vehicle ILD.#: 1D7HAIDM225681989
Tire Size: 265/70 R17 Year: 2002 Odometer: 110519
*(All Measurements Refer to Impacting Side)
Vehicle Geometry -- in, {mm)
— a 780 {1981) b 750  (1905)
T c 22725 (577 d 475 (1207
H T e 14035  (3562) f 395  (1003)
I I — g 28125  (714) k 650 (165D
i 145 (368) j 250 (635
R e e 210 (533) 12925 (743)
qfm Tme 21 m 680 1727 n 67.75 (1721
" :’ff“' o o 425  (1080) p 40  (102)
M n N T q 30.75 (781 r 105 (267
9 ,f)“\ T e s 155 (394) t 750  (1905)
1/ Py l Wheel Center Height Frant 14.75  (375)
g Wheel Center Height Rear 14,75 (375)
e d Wheel Well Clearance (F) 34.75  (883)
N Yecar Werondy/ Wheel Well Clearance (R) 37.75  (959)
FrameHeight F) 170 (432
Weights
ibs (kg) Curb Test Inertial Gross Static Frame Height (R) 25.5 (648)
W-frant 2826 (1282) 2769 (1256) 2873 (1303) Engine Type 8 CYL. GAS
W-rear 2145 (973) 2236 (1014) 2302 (1044) Engine Size 4.7
W-total 4971 (2255) 5006 (2271) 5175 (2347) Transmition Type:
Manual
FWD 4WD
GVWR Ratings Dummy Data
Front 3650 Type: Hybrid II
Rear 3900 Mass: 170 Ihs
Total 6650 Seat Position: Passenger, Full Rearward
none

Note any damage prior to test:

Figure 30. Test Vehicle Dimensions, Test No. TCBT-1
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Fortestno. TCBT-2, 22003 Dodge Ram 1500 Quad Cab pickup was used as the test vehicle.
The test inertial and gross static weights were 4,990 1b (2,263 kg) and 5,160 1b (2,341 kg),
respectively. The test vehicle is shown in Figure 31, and vehicle dimensions are shown in Figure 32.

The Suspension Method (11) was u'séd to determine the vertical component of the center of
gravity (c.g.) for the pickup trucks. This method is based on the principle that the c.g. of any freely
suspended body is in the vertical plane through the point of suspension. The vehicle was suspended
successively in three positions, and the respective planes containing the c.g. were established. The
intersection of these planes pinpointed the location of the center of gravity. The longitudinal
component of the c.g. was determined using the measured axle weights. The location of the final
centers of gravity are shown in Figures 30 and 32 through 34. The c.g. calculations and ballast
information are shown in Appendix D.

Square black and white-checkered targets were place on the vehicles to aid in the analysis
of the high-speed AOS videos, as shown in Figures 33 and 34. Checkered targets were place at the
c.g. on the left-side door, the right-side door, and the roof of the vehicle. The remaining targets were
located for reference so that they could be view from the high-speed cameras for video analysis.

The front wheels of the test vehicles were aligned for camber, caster, and toe-in values of
zero so that the vehicles would track properly along the guide cable. A 5B flash bulb was mounted
near the middle of the vehicle’s dash to pinpoint the time of impact with the test article on the high-
speed video footage. The flash bulb was fired by a pressure tape switch mounted at the impact
corner of the bumper. A remote-controlled brake system was installed in the test vehicle so the

vehicle could be brought safely to a stop after the test.
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Figure 31. Test Vehicle, Test No. TCBT-2
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Date: 4/23/2008 Test Number: TCBT-2 Model: Ram 1500 Q.C.
Make: Dodge Vehicle LD# 1D7HA18K73J619050
Tire Size: 265/70 R17 Year: 2003 Odometer: 58889
*(All Measurem ents Refer to Impacting Side)
Vehicle G eometry — in. (mm)
. L i [ — a 780  (1981) b 7475  (1899)
! c 22775 (5785) d 480  (1219)
N | e 14025 (3562 f 395  (1003)
l_ g 2825  (718) h 6425  (1632)
i 1575  (400) i 260 (660)
k 210 (533) 1 2925  (743)
e TIRE DA m 675  (1715) n 675  (1715)
_:'"m‘ o o 43.75 (111 p 30 (76)
N
N 1_£] I q 315 (800) r 185 @70)
Paf o s 1625  (413) t 750  (1905)
i l Wheel Center Height Front .15.0 (381)
Wheel Center Height Rear 15.0 (381)
" - " P Wheel Well Clearance F) 355 902)
N/ Weear Werond/ Wheel Well Clearance (R) 3825  (972)
c Frame Height (F) 17.75 (451
Weights
Ibs (kg) Curh Test Inertial Gross Static Frame Height (R) 25.125 638)
W-front 2699 (1224) 2689  (1220) 2783 (1262) Engine Type 8 CYL. GAS
W-rear 2206 (1001) 2301 (1044) 2374 (1077 Engine Size 4.7
W-total 4905 (2225) 4990  (2263) 5160 (2341) Transmition Type:
Manual
FWD 4WD
GVWR Ratings Dummy Data
Front 3650 Type: Hybrid IT
Rear 3900 Mass: 170 Ibs
Total 6650 Seat Position: Passenger, Full Rearward

Note any damaoge prior to test: none

Figure 32. Test Vehicle Dimensions, Test No. TCBT-2
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G H
TEST #: TCBT-1
TARGET GEOMETRY-- in. (mm)
A 75.625 (1921) E 64.0 (1626) I 390 (991)
B 1005 (2553) F 48375 (1229) J 21.125 (537)
c  48.0 (1219) G 650 (1651) K 4175 (1060)
D 64.0 (1626) H 7525 (1911)

Figure 33. Vehicle Target Locations, Test No. TCBT-1
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TEST #: TCBT-2

TARGET GEOMETRY-- in. (mm)

A 7525 (1911) E 64.0 (1626) I 39.875 (1013)
B 99.25 (2521) F 5425 (1378) J 2825 (718)
c 4275 (1086) G 64.25 (1632) K 42.875 (1089)
D 64.0 (1626) H 76.0 (1930)

Figure 34. Vehicle Target Locations, Test No. TCBT-2
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7.4 Simulated Occupant

For test nos. TCBT-1 and TCBT-2, a Hybrid II 50th Percentile Adult Male Dummy was
placed in the right-front seat of the test vehicle with the seat belt fastened. The dummy was equipped
with clothing and footwear and had a final weight of 170 1b (77 kg). The dummy was manufactured
by Android Systems of Carson California under model no. 572 and serial no. 451. As recommended
by MASH, the dummy was not included in calculating the c.g location.

7.5 Data Acquisition Systems

7.5.1 Accelerometers

One triaxial piezoresistive accelerometer system with a range of £200 g’s was used to
measure the acceleration in the longitudinal, lateral, and vertical directions at a sample rate 0f 10,000
Hz. The environmental shock and vibrati;on sensor/recorder system, Model EDR-4M6, was
developed by Instrurﬁented Sensor Technology (IST) of Okemos, Michigan and includes three
differential channels as well as three single-ended channels. The EDR-4 was configured with 6 MB
of RAM memory and a 1,500 Hz lowpass filter. “DynaMax 1 (DM-1)” and a customized Microsoft
Excel worksheet were used to analyze and plot the accelerometer data.

Another triaxial piezoresistive accelerometer system with a range of £200 g’s was also used
to measure the acceleration in the longitudinal, lateral, and vertical directions at a sample rate of
3,200 Hz. The environmental shock and vibration sensor/recorder system, Model EDR-3, was
developed by Instrumented Sensor Technology (IST) of Okemos, Michigan. The EDR-3 was
configured with 256 kB of RAM memory and a 1,120 Hz lowpass filter. “DynaMax 1 (DM-1)” and

a customized Microsoft Excel worksheet were used to analyze and plot the accelerometer data.
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An additional accelerometer system was used to measure the acceleration in the longitudinal,
lateral, and vertical directions at a sample rate of 10,000 Hz. The environmental shock and vibration
sensor/recotder system, a two-Arm piezoresistive accelerometer, was developed by Endevco of San
Juan Capistrano, California. Three accelerometers were used to measure each of the longitudinal,
lateral, and vertical accelerations independently. Data was collected using a Sensor Input Module
(SIM), Model TDAS3-SIM-16M, which was developed by Diversified Technical Systems, Inc.
(DTS) of Seal Beach, California. The SIM was configured with 16 MB SRAM memory and 8 sensor
input channels with 250 kB SRAM/channel. The SIM was 19 mounted on a TDAS3-R4 module
rack. The module rack is configured with isolated power/event/communications, 10BaseT Ethernet
and RS232 communication, and an internal backup battery. Both the SIM and module rack are
crashworthy. “DTS TDAS Control” and a customized Microsoft Excel worksheet were used to
analyze and plot the accelerometer data.

7.5.2 Rate Transducers

An Analog Systems 3-axis rate transducer with a range of 1,200 degree/sec in each of the
three directions (pitch, roll, and yaw) was used to measure the rates of motion of the test vehicles.
The rate transducer was mounted inside the body of the EDR-4M6 and recorded data at 10,000 Hz
to a second data acquisition board inside the EDR-4M6 housing. The raw data measurements were
then downloaded, converted to the appropriate Euler angles for analysis, and plotted. “DynaMax 1
(DM-1)” and a customized Microsoft Excel worksheet were used to analyze and plot the rate

_transducer data.
An additional angular rate sensor was used. The ARS-1500 has a range of 1,500 degrees/sec -

in each of the three directions (pitch, roll, and yaw) and was used to measure the rates of rotation
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of the test vehicle. The angular rate sensor was mounted on an aluminum block inside the test
vehicle at the center of gravity and recorded data at 10,000 Hz to the SIM. The raw data
measurements were then downloaded, converted to the proper Euler angles for analysis, and plotted.
“DTS TDAS Cdntrc_;l” and a customized Microsoft Excel worksheet were used to analyze and plot
the angular rate sensor data.

7.5.3 High-Speed Photography

Fortest TCBT-1, five high-speed AOS VITcam digital video cameras, with operating speeds
of 500 frames/sec, were used to film the crash test. Two Canon digital video cameras and four JVC
digital video cameras, all with a standard operating speed 0f29.97 frames/sec, were also used to film
the crash test. Camera details and a schematic of all eleven camera locations for test no. TCBT-1 are
shown in Figure 35. .

Fortest TCBT-2, four high-speed AOS VITcam digital video cameras, with operating speeds
of 500 frames/sec, were used to film the crash test. One Canon digital video camera and two JVC
digital video cameras, all with a standard operating speed 0£29.97 frames/sec, were also used to film
the crash test. Camera details and a schematic of all seven camera locations for test no. TCBT-2 are
shown in Figure 36.

The AOS videos were analyzed using the Image Express MotionPlus Software. Actual
camera speed and camera divergence factors were considered in the analysis of the high-speed
videos.

7.5_.4 Pressure Tape Switches

For both tests, five pressure-activated tape switches, spaced at 6.56-ft (2-m) intervals, were

used to determine the speed of the vehicle before impact. Each tape switch fired a strobe light which
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sent an electronic timing signal to the data acquisition system as the right-front tire of the test
vehicle passed over it. Test vehicle speeds were determined from electronic timing mark data
recorded using TestPoint software. Strobe lights and high-speed video analysis are used only as a

backup method in the event that vehicle speed cannot be determined from the electronic data.
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8 CRASH TEST NO. 1

8.1 Test TCBT-1

The 5,175-1b (2,347-kg) pickup truck, with the dummy placed in the right-front seat,
impacted the temporary concrete barrier to permanent barrier transition, at a speed of 62.5 mph
(100.6 km/h) and at an ahgle of 24.7 degrees. Test no. TCBT-1 was performed to evaluate the
transition directly adjacent to the permanent median barrier. A summary‘of the test results and
sequential photographs are shown in Figure ?. Additional sequential photographs are shown in
Figures 38 through 41. Documentary photographs of the crash test are shown in Figure 42.
8.2 Weather Conditions

Test No. TCBT-1 was conducted on April 4, 2008 at approximately 2:45 pm. The weather

condition were reported, as shown in Table 4.

Table 4. Weather Conditions, Test No. TCBT-1

| Temperature 60°F
Humidity 31%
Wind Speed 14 mph
Wind Direction Southwest
Sky Conditions Scattered Thunderstorm
Visibility 10.0 Statute Miles
Pavement Surface Dry
Previous 3-Day Precipitation 0.32 in.
Previous 7-Day Precipitation 1.14in
8.3 Test Description

Initial vehicle impact was to occur 51 % in. (1,311 mm) upstream from the upstream end of
the permanent barrier, as shown in Figure 43. Actual vehicle impact occurred 56 %s in. (1,432 mm)

upstream from the upstream end of the permanent barrier. Table 5 contains a sequential description
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of the impact events. The final position of the vehicle was determined to be 208 ft - 10 % in. (63.7
m) downstream of impact and 32 ft - 6 % in. (9.9 m) laterally behind the traffic-side face of the

system. The trajectory and final position of the vehicle are shown in Figures ? and 44.

Table 5. Sequential Description of Impact Events, TCBT-1

Time EVENT
(sec)
0.002 the right-side headlight deformed
0.010 the right-front corner of the fender protruded over the system
0.024 barrier no. 1 deflected
0.034 the front of the vehicle contacted the permanent concrete barrier
0.046 the truck began to yaw away from the system
0.062 the right-front tire contacted the upstream end of the permanent barrier
0.080 the truck began to roll toward the system |
0.188 | the vehicle became parallel to the system with a resultant velocity of 49.8 mph (80.2
km/h)
0.196 the right-rear tire impacted the transition
0.216 the rear of the truck began to pitch upward
0.318 the vehicle exited the system at a trajectory angle of 4.2 degrees and a resultant

velocity of 48.6 mph (78.2 km/h)

8.4 Barrier Damage

Damage to the system was moderate, as shown in Figures 45 through 50. Barrier damage
consisted of scrapes and contact marks on temporary concrete barriers, permanent barrier, and the
thrie beam section, cracking of temporary barrier sections, and deformed &hrie beam. The length of

the vehicle contact along the transition was approximately 14 ft - 1 % in. (4.3 m), which spanned
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from 56 ¥s in. (1,432 mm) upstream from the upstream end of the permanent barrier to 44 in. (1,117
mm) upstream from the downstream end of the permanent barrier.

The thrie beam transition encountered deformation, flattening, and minor tears. Flattening
and deformation of the thrie beam rail occurred from 4 in. (102 mm) downstream from impact to 60
in. (1,524 mm) downstream from impact. A 2 Vain, (57 mm) tear in the nested thrie beam rail on the
traffic-side was found 34 in. (864 mm) downstream from impact which was caused by the truck
dragging across the midsﬁan, The thrie beam rail on the non-impact side underwent slight bending
at the center of the beam. The transition cap was deformed and a slight twist on top of the cap down
on the traffic-side. The concrete permanent barrier had minor contact marks above and downstream
of the transition.

The downstream end of barrier no. 1 rotated % (6 mm) toward the non-impact-side. Several
of the asphait pins were pulled up due to barrier rotation. The traffic-side downstream end pin of
barrier no. 1 was pulled up "& in. (3 mm). The traffic-side middle pin of barrier no. 1 was pulled up
Y8 in. (3 mm). The traffic-side upstream end pin of barrier no. 1 was pulled up & in. (3 mm). The
non-traffic-side downstream end pin of barrier no. 1 was pulled up 1/16 in. (2 mm). The non-traffic-
side middle pin of barrier no. 1 was pulled up 1/16 in. (2 mm). Concrete spalling was observed
around the holes in the toe of the barrier near the first two pins upstream of the single-slope barrier
on the impact side of the barrier no.1 and near the middle pin on the backside of barrier no. 1.

The permanent set of the barrier system is shown in Figure 46. The maximum lateral
permanent set barrier deflection was 4 in. (6 mm) at the downstream end of barrier no. 1. The
~ maximum lateral dynamic barrier deflection was 2.6 in. (67 mm) on middle of the non-impact-side
of the thrie beam, as determined from highspeed digital video analysis. The working width of the
system was found to be 24 74 in. (632 mm).
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8.5 Vehicle Damage

Vehicle damage was moderate, as shown in the Figures 51 through 54. Occupant
compartment deformations to the right side of the floorboard were judged insufficient to cause
serious injury to the vehicle occupants, as shown in Figure 54. Maximum longitudinal deflections
of 6 in. (152 mm) were located near the front-center of the right-side floor pan. Maximum lateral
deflections of 2 % in. (70 mm) were located at the front-right of the right-side floor pan. Maximum
vertical deflections of 5 % in. (133 mm) were located near the front-center of the right-side floor
pan. Complete occupant compartment deformations and the corresponding locations are provided
in Appendix E.

Damage was concentrated on the right-front corner of the vehicle. The front bumper bent
approximately 90 degrees 13 in. (330 mm) from the right side with the end in the wheel well area.
The right-front corner was deformed inward toward the engine compartment. The right-front corner
of the hood was deformed. The right-front wheel well is covered in black tire marks. The right-front
upper and lower control arms were severely damaged. Scrapes and contact marks were found along
the entire right side of the vehicle. Major sheet metal deformations were found above the right-side
wheel well and along the lower portion of the right-side doors, not allowing the right side doors to
open. The right side door buckled outward from the inside causing a 5-7 in. (127-178 mm) gap along
the top frame of the door and a 1-6 in. (25-152 mm) gap along the side of the door. The right-rear
bumper was deformed inward and flattened flush with rear quarter panel. Contact marks were found
on the right-rear hubcap. The right-side taillight housing was dislodged. The right-front tire was cut
severely about 6-8 in. (152-203 mm) and detached from the vehicle, except for the being attached

only by the brake line. All other tires remained attached. Spider-web cracking was found on the
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bottom, left, and right sides of the windshield. No other window damage occurred. The roof and the
left side of the vehicle remained undamaged.
8.6 Occupant Risk Values

The longitudinal and lateral occupant impact velocities were determined to be -22.68 ft/s (-
6.91 m/s) and 26.99 ft/s (8.23 m/s), respectively. The maximum 0.010-sec average occupant
ridedown acceleration in the longitudinal and lateral directions were -4.66 g’s and 6.76 g’s,
respectively. It is noted that the occupant impact velocities (OIVs) and occupant ridedown
accelerations (ORAs) were within the suggested limits provided in MASH. The THIV and PHD
values were determined to be 31.69 ft/s (9.66 m/s) and 7.66 g’s, respectively. The results of the
occupant risk, as determined from the accelerometer data, are summarized in Figure ?. The results
are shown graphically in Appendix F. The results from tbe rate transducer are shown graphically in
Appendix F. Due to technical difﬁculties EDR-4 and DTS did not collect data, but the EDR-4 did
collect angular data from the rate transducers.
8.7 Discussion

The analysis of the test résults for test no. TCBT-1 showed that the temporary concrete
barrier to permanent concrete barrier transition adequately contained and redirected the 2270P
vehicle without significant permanent displacement of the barrier. There were no detached elements
nor fragments which showed potential fof penetrating the occupant compartment nor presented
undue hazard to other traffic. Deformations of, or intrusion into, the occupant compartment that
cquld have caused serious injury did not occur. The test vehicle did not penetrate nor ride over the
~ guardrail system and remained upright during and after the collision. Vehicle roll, pitch, and yaw
angular displacements were noted, but they were deemed acceptable because they did nof adversely
influence occupant risk safety criteria nor cause rollover. After impact, the vehicle exited the barrier
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atan angle of 4.2 degrees and its trajectory did not violate the bounds of the exit box. Therefore, test
no. TCBT-1 conducted on the temporary concrete barrier to permanent barrier concrete transition
was determined to be acceptable according to the TL-3 safety performance criteria of test

designation no. 3-21 found in MASH.
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® TestAgency ................... MwRSF ® Exit Conditions
® TestNumber ................... TCBT-1 Speed ....... ...l 48.6 mph (78.2 km/h)
® Date...... ... 4/4/2008 Angle ........ ... . ... 4.2 degrees
® MASH Test Designation .......... 3-21 Exit Box Criterion ............ Pass
® Appurtenance .................. Temporary Concrete Barrier to Permanent Concrete ~ ® Post-Impact Trajectory
Barrier Transition Vehicle Stability .............. Satisfactory
® TotalLength ................... 166 ft - 10 in. (50.9 m) Stopping distance ............. 208 ft - 10 % in. (63.7 m) downstream
® Key Elements - Temporary Barriers 32 ft - 6 % in. (9.9 m) laterally behind
Description . ............... Kansas F-shape ® Occupant Impact Velocity
Length .................... 12 ft - 6 in. (3,810 mm) Longitudinal ................. -22.68 ft/s (-6.91 m/s) < 40 ft/s (12.2 m/s)
ok Base Width ................ 22 Y% in. (572 mm) Lateral ..................... 26.99 ft/s (8.23 m/s) <40 ft/s (12.2 m/s)
Height .................... 32 in. (813 mm) ® Occupant Ride Down Deceleration
® Key Elements - Permanent Barrier Longitudinal ................. -4.66 g’s <20.49 g’s
Description ................ California Single Sloped Concrete Barrier Lateral ..................... 6.76 g’s <20.49 g’s
TopWidth ................. 8 in. (203 mm) ® THIV (notrequired) ............. N/A
Base Width ................ 21 Y% in. (545 mm) ® PHD (notrequired) .............. N/A
Height .................... 42 in. (1,067 mm) ® Test Article Damage ............. Moderate
® Key Elements - Cap ® Test Article Deflections
Length .................... 68 7/16 in. (1,738 mm) PermanentSet................ N/A
Height .................... 10 in.. (256 mm) Dynamic .................... 2.6 in. (66 mm)
® TypeofSoil.................... None Working Width . .............. 24 7/8 in. (632 mm)
® Test Vehicle ® VehicleDamage ................ Moderate
Type/Designation ........... 2270P VDS2 1-RFQ-5
Make and Model ............ 2002 Dodge Ram 1500 Quad Cab CDC® . 01-RFEE5
Curb ... 4,971 lbs (2,255 kg) Maximum Deformation ........ 6 in. (152 mm) at front-center
Test Inertial ................ 5,006 1bs (2,271 kg) floorboard
Gross Static ................ 5,175 1bs (2,2347 kg) ® Angular Displacement
® Impact Conditions Roll ..o, N/A
Speed ........ oLl 62.5 mph (100.6 km/h) Pitch ....................... N/A
Angle ........ ... ... .. ... 24.7 degrees Yaw ... N/A
Impact Location . . ........... 56 3/8 in. (1,432 mm) upstream of permanent barrier
Figure 37. Summary of Test Results and Sequential Photographs, Test No. TCBT-2
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Figure 38. Additional Sequential Photographs, Test No. TCBT-1
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0.514 sec

Figure 39. Additional Sequential Photographs, Test No. TCBT-1
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Figure 40. Additional Sequential Photographs, Test No. TCBT-1
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Figure 41. Additional Sequential Photographs, Test No. TCBT-1
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Figure 42. Documeﬁtary Photographs, Test No. TCBT-1
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Figure 43. Impact Location, Test No. TCBT-1 )
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Figure 47. System Damage, Test No. TCBT-1

75



July 15, 2010

MwRSF Report No. TRP-03-208-10

i

L

de Downstream

i

No. 1 Non-Traffic S

11

Barr

1 Traffic Side Downstream

Barrier No.

S
i

No. 1 Non-Traffic Side Midspan

Barrier

s

idspan

de M

i

1 Traffic S

ier No.

Barr

.
.

de Upstream

i

. 1 Non-Traffic S

Barrier No

de Upstream

i

Barrier No. 1 Traffic S

. TCBT-1

Damage, Test No

mn

Asphalt Pi

48

Figure

76



July 15, 2010

MwRSF Report No. TRP-03-208-10

.

.

ide Downstream

er No. 2 Non-Traffic S

Barri

2 Traffic Side Downstream

Barrier No.

.

idspan

ide M

2 Non-Traffic S

Barrier No.

dspan

. 2 Traffic Side Mi

ier No

Barr

Traffic Side Upstream

ier No. 2 Non-

Barr

2 Traffic Side Upstream

ier No.

Barr

Damage, Test No. TCBT-1

m

Asphalt P1

49

Figure

77



July 15,2010

MwRSF Report No. TRP-03-208-10

de Upstream

i

de Downstream

i

3 Non-Traffic S

No. 4 Traffic S

e

Barrier No
Barrier

;\&mﬁm -

.
.

o

i

de Upstream

i

de Downstream

i

3 Traffic S

3 Traffic S

No.
Barrier No

- N\\\w

Barrier

de Downstream

No. 4 Non-Trafﬁc S |

1

1€1

Barri

1

8

Test No. TCBT
7

b

de Downstream

1

Damage

in

3 Non-Traffic S

Asphalt P

ier No
igure 50.

Barr
F



6L

Figure 51. Vehicle Damage, Test No. TCBT-1
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Figure 52. Vehicle Damage, Test No. TCBT-1
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Figure 53. Undercarriage Damage, Test No. TCBT-1

01-80T-€0-d 4L "ON Hodoy JSYMN

010T ‘ST Ang



July 15,2010
MwRSF Report No. TRP-03-208-10

Figure 54. Occupant Compartment Deformation, Test No. TCBT-1
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9 CRASH TEST NO. 2

9.1 Test TCBT-2

The 5,160-1b (2,341-kg) pickup truck impacted, with the dummy placed in the right-front
seat, the temporary concrete barrier to permanent concrete barrier transition at a speed of 62.2 mph
(100.1 km/h) and at an angle of 26.2 degrees. Test no. TCBT-2 was performed to évaluate the
upstream end of the approach transition. A summary of the test results and sequential photographs
are shown in Figure 37, 55. Additional sequential photographs are shown in Figures 56 through 58.
Documentary photographs of the crash test are shown in Figure 59.
9.2 Weather Conditions

Test No. TCBT-2 was conducted on April 23,2008 at approximately 12:00 pm. The weather

condition were reported, as shown in Table 6.

Table 6. Weather Conditions, Test No. TCBT-2

Temperature 74°F
Humidity 48 %
Wind Speed 21 mph
Wind Direction South
Sky Conditions Clear
Visibility 10.0 Statute Miles
Pavement Surface Dry
Previous 3-Day Precipitation 0 in.
| Previous 7-Day Precipitation 1.44 in

9.3 Test Description
Initial vehicle impact was to occur 3 ft - 4 % in. (1,022 mm) upstream from the downstream

end of barrier no. 5, as shown in Figure 60. Actual vehicle impact occurred 3 ft - 5 Y4 in. (1,048 mm)
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upstream from the downstream end of barrier no. 5. Table 7 contains a sequential description of the
impact events. The vehicle came to rest 184 ft (56.1 m) downstream from impact and 67 ft- 7 V4 in.
(20.6 m) laterally away from the traffic-side face of the barrier. The trajectory and final position of

the vehicle are shown in Figures 37, 55 and 61.

Table 7. Sequential Description of Impact Events, TCBT-2

Time EVENT

(sec)

0.002 the right corner of the front bumper was deformed inward

0.018 barrier nos. 4 and S began to deflect

0.024 the vehicle began to redirect away from system

0.052 cracks formed at the base on the traffic-side of barrier no. 4

0.062 ___barrier no. 3 began to deflect

0.068 the right-front tire exploded

0.088 barrier no. 4 cracked near its middle on top and traffic-side

0.102 barrier no. 6 began to deflect

0.124 barrier no. 3 began to deflect

0.168 the front of the vehicle was located at the downstream end of barrier no. 4

0.180 the front of the vehicle pitched upward

0.206 | the vehicle became parallel to the system with a resultant velocity of 50.1 mph (80.7

km/h)

0.238 the right-side of the vehicle impacted upstream end of barrier no. 4

0.252 the front of the vehicle lost contact with the barrier and the right-front tire
disengaged from the vehicle

0.268 the right taillight contacted barrier no. 4 and fractured

0.308 the right-rear tire exploded

0.332 | the vehicle was completely airborne with all tires off the ground, but still in contact

with the barrier
0.346 the vehicle exited the system at a trajectory angle of 14.0 degrees and a resultant
velocity of 43.0 mph (69.1 km/h)
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9.4 Barrier Damage

Damage to the system was moderate, as shown in Figures 62 through 64. Barrier damage
consisted of scrapes, contact marks, and concrete spalling on temporary concrete barriers and asphalt
pin deflections, cracking of temporary barrier sections, and fractured temporary barriers. The length
of the vehicle contact along the transition was approximately 17 ft- 1 Y2 in. (5.2 m), which spanned
from 41 % in. upstream of the downstream end of barrier no. 5 to 8 in. (203 mm) downstream from
the upstream end of barrier no. 3.

Tire marks, scrapes, and cracking of the concrete were visible on barrier segment nos. 3
through 5. The traffic-side of barrier no. 5 had concrete spalling on the upstream end of the barrier.
Concrete spalling occurred around the rear upstream asphalt pin of barrier no. 3 which was 19 in.
(483 mm) long by 7 in. (178 mm) high. Concrete spalling also occurred around the rear downstrea}m
asphalt pin of barrier no. 3 which began at the downstream end and continﬁed for44in. (1,118 mm).
The top of barrier no. 3 on the upstream end had significant contact marks. Barrier no. 4 rolled
toward the back of the system exposing the upstream end of barrier no. 3 to the truck. Barrier no.
4 was cracked in half and rebar was fractured at the midsection. Concrete spalling was found on the
backside of barrier no. 4 beginning at the lower downstream end and continued 32 in. (813 mm)
along the bottom of the barrier. The traffic-side of barrier no. 5 had tire and minor contact marks on
the downstream end.

Deformation to several concrete temporary barrier loop joints and connection pins were
noted in the impact region. The bottom loop on the downstream end of barrier no. 5 deformed %2 in.
(13 mm) toward the traffic-side of the system. The top loop on the upstream end of barrier no. 4

deformed Y4 in. (6 mm) toward the traffic-side of the system. The bottom loop on the downstream
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end of barrier no. 4 deformed 2 % in. (64 mm) toward the back of the system. The connection pin
between barrier nos. 3 and 4 has a %z in. (10 mm) deflection starting 4 in. down from the top end and
a deflection of 2 in. (13 mm) deflection starting 4 %2 in. (114 mm) up from the bottom end. The pins
between barrier nos. 4 and 5 has a % in. (16 mm) deflection starting 6 ¥z in. (165 mm) up from the
bottom end.

Deformation to several asphalt pins were also noted in the impact region. The non-traffic-
side downstream end pin of barrier No. 2 has deflection of % in. (9 mm) centered at 12 in. from the
top end. The traffic-side upstream and downstream end pins of barrier no. 3 were pulled up 1 in. (25
mm). The non-traffic-side upstream end pin of barrier No. 3 has a deflection of %2 in. (13 mm)
centered at 7 ¥4 in. (184 mm) from the top end. The non-traffic-side downstream end pin of barrier
No. 3 has a deflection of ¥ in. (3 mm) centered at 7 in. (178 mm) from the top end. The traffic-side
downstream end pin of barrier No. 4 has a deflection of 1 /2 in. (38 mm) centered at 14 in. (356 mm)
from the top end and was pulled up 7 % in. (191 mm). The non-traffic-side downstream end pin of
barrier No. 4 has a deflection of 1 % in. (38 mm) centered at 11 in. (279 mm) from the top end.

The permanent set of the barrier system is shown in Figure 62. The maximum lateral
permanent set barrier deflection was 34 in. (864 mm) at the downstream end of barrier no. 5, as
measured in 'thé field. It should be noted that the barrier segments upstream of impact had permanent
set longitudinal deflections between 5 in. and 6 in. (127 mm and 152 mm) downstream. The
maximum lateral dynamic barrier deflection was 34 in. (864 mm) at the upstream end of barrier no.
5, as determined from highspeed digital video analysis. The working width of the system was found

to be 55.8 in. (1,117 mm).
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9.5 Vehicle Damage

Vehicle damage was moderate, as shown in the Figures 65 through 68. Occupant
compartment deformations to the right side of the floorboard were judged insufficient to cause
serious injury to the vehicle occupants, as shown in Figure 68. Maximum longitudinal deflections
of 2 in. (51 mm) was located front center of the right-side floor pan. Maximum lateral deflections
of 1 % in. (44 mm) was located at the front center of the right-side floor pan. Maximum vertical
deflections of 2 ¥ in. (64 mm) was located front right of the right-side floor pan. Complete occupant
compartment deformations and the corresponding locations are provided in Appendix E.

Damage was concentrated on the right-front corner of the vehicle. The right-front corner was
deformed inward toward the engine compartment. The right side of the front bumper wrapped
around truck frame at 90 degrees. The right-front headlight housing disengaged from the vehicle.
The right-front fender damaged along entire length and folded down and inward. The right;front
wheel assembly disengaged from upper and lower control arms. Heavy contact mark were found
along the frame and gussets from right-front wheel coming off. Contact marks spanned the entire
right side of the vehicle which was centered just above the wheel wells. Heavy damage was found
on the right-front door. The lower hinges of the right-front door were pulled away from the door.
A triangular section measuring 6 in. (152 mm) by 10 in. (254 mm) was ripped open on the lower
front corner of the right-rear door. The lower half B pillar was deformed on the right-rear door.
Glass was wedged out of the right-rear door but was not broken. The drive shaft was disengaged.
Heavy damage was observed on the bottom of the right-rear dqor. Glass popped out of the left-rear
door but was not broken. The right-rear wheel was disengaged from the vehicle. The spare tire and

tail gate were disengaged from the vehicle. The rear bumper deformed and was not in contact with
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the vehicle towards the left and right sides. The roof, hood, and left side of the vehicle remained
undamaged.
9.6 Occupant Risk Values

The longitudinal and lateral occupant impact velocities were determined to be ;12.’78 ft/s (-
3.90 m/s) and 18.56 ft/s (5.66 m/s), respectively. The maximum 0.010-sec average occupant
ridedown acceleration in the longitudinal and lateral directions were -18.69 g’s and 13.29 g’s,
respectively. It is noted that the occupant impact velocities (OIVs) and occupant ridedown
accelerations (ORAs) were within the suggested limits provided in MASH. The THIV and PHD
values were determined to be 20.58 ft/s (6.27 m/s)and 19.00 g’s, respectively. The results of the
occupant risk, as determined from the accelerometer data, are summarized in Figure 37, 55. The
results are shown graphjcally in Appendix G. The results from the rate transducer are shown
gfaphically in Appendix G. Due to technical difficulties EDR-4 and DTS did not collect acceleration
data, but the EDR-4 did collect angular data from the rate transducer.
9.7 Discussion

The analysis of the test results for test no. TCBT-2 showed that the temporary concrete
barrier to permanent concrete barrier transition adequately contained and redirected the 2270P
vehicle. There were no detached elements nor fragments which showed potential for penetrating the
occupant compartment nor presented undue hazard to other traffic. Deformations of, or intrusion
into, the occupant compartment that could have caused serious injury did not occur. The test vehicle
did not penetrate nor ride over the guardrail system and remained upright during and after the
collision. Vehicle roll, pitch, and yaw angular displaceménts were noted, but they were deemed

acceptable because they did not adversely influence occupant risk safety criteria nor cause rollover.
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After collision, the vehicle’s trajectory revealed minimum intrusion into adjacent traffic lanes. The
vehicle did not exited the barrier within the exit box yet still exited the barrier smoothly . Therefore,
test no. TCBT-2 conducted on the temporary concrete barrier to permanent concrete barrier
transition was determined to be acceptable according to the TL-3 safety performance criteria of test

designation no. 3-21 found in MASH.
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®TestAgency ....................... MwRSF
®Test Number ....................... TCBT-2
®Date . . ... 4/23/2008
®MASH Test Designation . ............. 3-21
®Appurtenance ...................... Temporary Concrete Barrier to Permanent
Concrete Barrier Transition
®Total Length ....................... 166 ft - 10 in. (50.9 m)
®Key Elements - Temporary Barriers
Description ................. Kansas F-shape
Length ..................... 12 ft - 6 in. (3,810 mm)
Base Width ................. 22 Y in. (572 mm)
Height ..................... 32 in. (813 mm)
®Key Elements - Permanent Barrier
Description . ................ California Single Sloped Concrete Barrier
TopWidth .................. 8 in. (203 mm)
Base Width ................. 21 Y% in. (545 mm)
Height ..................... 42 in. (1,067 mm)
oKey Elements - Cap
Length ..................... 68 7/16 in. (1,738 mm)
Height .................. ... 10 in. (256 mm)
®TypeofSoil .......... ... ... ... ... None
®Test Vehicle
Type/Designation. .. .......... 2270P
Make and Model ............. 2003 Dodge Ram 1500 Quad Cab
Curb ........... ... 4,905 1bs (2,225 kg)
Test Inertial ................. 4,990 lbs (2,263 kg)
Gross Static ................. 5,160 lbs (2,241 kg)
®Impact Conditions ‘
Speed . ...... ...l 62.2 mph (100.1 km/h)
Angle ... ... ... ... . ... 26.2 degrees
Impact Location . ............. 41 1/4 in.(1,048 mm) upstream from the

downstream end of barrier no. 5
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29 15/16" __|
[761] ’_
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T 7[1181/62] — Cap
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®Exit Conditions

Speed .......... ...l 43.0 mph (69.1 km/h)
Angle ........ ... . ... 14.0 degrees
Exit Box Criterion .......... Failed
®Post-Impact Trajectory
Vehicle Stability ............... Satisfactory
Stopping distance .............. 184 ft (56.1 m) downstream 67 ft -

7 1/4 in. (20.6 m) laterally in front
®Occupant Impact Velocity (EDR-3)

Longitudinal .................. -12.78 ft/s (-3.90 m/s) < 40 ft/s (12.2 m/s)
Lateral ....................... 18.56 ft/s (5.66 m/s) < 40 ft/s (12.2 m/s)
®Occupant Ride Down Deceleration (EDR-3)
Longitudinal .................. -18.69 g’s <20.49 g’s
Lateral ....... e 13.29 g’s <20.49 g’s
® THIV (notrequired) ............... 20.58 ft/s (6.27 m/s)
® PHD (notrequired) ................ 19.00 g’s
® Test Article Damage ............... Moderate
®Test Article Deflections
Permanent Set ................ 34 in. (864 mm) <
Dynamic .................... 443 in. (1,125 mm) 5
Working Width ............... 55.8 in. (1,417 mm) 4
®Vehicle Damage ................. Moderate =
VDS 1-RD-6 3
CDC" ..o 01-RDEE9 g
Maximum Deformation ......... 2 Y% in. (64 mm) at the front-right g
floorboard —
® Angular Displacement @ i
Roll .iiesicicaswamasusosssnena 7.8 degrees i %
Pitch ...... ... ... ... ... -27.5 degrees U
Yaw ..o -38.2 degrees SE
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Figure 55. Summary of Test Results and Sequential Photographs, Test No. TCBT-2
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Figure 57. Additional Sequential Photographs, Test No. TCBT-2
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Figure 58. Additional Sequential Photographs, Test No. TCBT-2
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Figure 59. Documentary Photographs, Test No. TCBT-2
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Figure 60. Impact Location, Test No. TCBT-2
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Figure 61. Final Position and Trajectory Marks, Test No. TCBT-2



July 15,2010

MwRSF Report No. TRP-03-208-10

i
.

.
.
.

.

2

Test No. TCBT-

b

97

i
L

o

System Damage

62

Figure



July 15, 2010
MwRSF Report No. TRP-03-208-10

Figure 63. System Damage, Test No. TCBT-2
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Figure 65. Vehicle Damage, Test No. TCBT-2
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Figure 66. Vehicle Damage, Test No. TCBT-2
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Figure 67. Undercarriage Damage, Test No. TCBT-2
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Figure 68. Occupant Compartment Damage, Test No. TCBT-2
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10 SUMMARY AND CONCLUSIONS

The barrier system developed during the research described herein was an approach
transition between free-standing, F-shape temporary concrete barrier and permanent concrete median
barrier. An analysis of common median barrier geometries identified the critical median barrier
design for the .approach transition as the 42-in. tall CA single-slqpe median barrier due to its height
as compared to the F-shape temporary concrete barrier. Evaluation of the approach transition
required testing at two CIP locations. The first was a CIP to evaluate vehicle interaction with the
permanent barrier and the second was a CIP to evaluate the stiffness transition near the upstream end
of the system. Full-scale crash testing at both CIP locations demonstrated that the impacting vehicle
was safely and smoothly redirected, and the testing of the approach transition was judged acceptable
accprding to the TL-3 safety criteria set forth in MASH. A summary of the safety performance
evaluation is provided in Table 8.

The first full-scale crash test, test no. TCBT-1, was performed on the temporary concrete
barrier to permanent concrete barrier transition according to test designation 3-21 of MASH. The
test consisted of a 5,175-1b (2,347-kg) pickup truck impacting the transition system at a speed of
62.5 mph (100.6 km/h) and at an angle of 24.7 degrees. The impact point of this test was 56 ¥s in.
(1,432 mm) upstream from the upstream end of the permanent barrier. The test results were
determined to be acceptable according to MASH safety requirements as the pickup truck was
smoothly redirected and remained upright throughout the impact event.

The second full-scale crash test, test no. TCBT-2, was performed on the temporary concrete
barrier to permanent concrete barrief transition according to test designation 3-21 of MASH. The

test consisted of a 5,161-1b (2,341-kg) pickup truck impacting the transition at a speed of 62.2 mph
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(100.1 km/h) and at an angle of 26.2 degrees. The impact point of this test was 41 % in. (1,048 mm)
upstream from the downstream end of barrier no. 5. The test results were determined to be
acceptable according to MASH safety requirements as the pickup truck was smoothly redirected and

remained upright throughout the impact event.
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Table 8. Summary of Safety Performance Evaluation Results - MASH

Evaluation
Factors

Evaluation Criteria

Test No.
TCBT-1

Test No.
TCBT-2

Structural
Adequacy

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

Occupant
Risk

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

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

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

Occupant Impact Velocity Limits, ft/s (m/s)

Component Preferred Maximum

Lateral and Longitudinal 30 ft/s (9.1 m/s) | 40 ft/s (12.2 m/s)

The Occupant Ridedown Acceleration (ORA) (see Appendix A, Section A5.3 of

MASH for calculation procedure) should satisfy the following limits:

Occupant Ridedown Acceleration Limits (g’s)

Component Preferred Maximum

Longitudinal and Lateral 15.0 g’s 20.49 g’s

S - Satisfactory U - Unsatisfactory

M - Marginal

NA - Not Available
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11 RECOMMENDATIONS

The approach transition described herein was designed for use with the Kansas F-shape
temporary concrete barrier system. Therefore, it should not be used with other temporary concrete
barrier systems or joint designs without further study. Although it is likely that this approach
transition can be adapted to other approved temporary concrete barrier systems, it is first necessary
to consider several factors, such as barrier connections, segment lengths, reinforcement, and
geometry.

The approach transition design between free-standing and permanent concrete median barrier
detailed in this report should be applied when designers are attaching free-standing temporary
concrete barrier in the median to permanent concrete barriers or tie-down temporary barrier systems
that provide a high degree of constraint on lateral deflection. This requires that the approach
transition be applied when free-standing F-shape temporary barriers are connected to permanent
concrete barrier, the bolt-through tie-down system for concrete roadways, or the asphalt pin
tie-down system. When the approach transition is used in conjunction with the bolt-through tie-down
system or the asphalt pin tie-down system, the thrie beam guardrail on the downstream end of the
transition is not necessary due to the similar stiffness and deﬂeétion levels of the tie-down barriers
and the transition. Use of the thrie beam sections is required when the system is attached to rigid
barriers to reduce the potential for vehicle snag.

It should also be noted that the approach transition design used constraint pins on both sides
~ of the barrier due to the system's application in the median. However, the resgarchers cannot
recommend using anchorage on both sides of the temporary barrier segment in order to create a-

median installation of temporary concrete barrier with limited deflection without further testing.

107



July 15, 2010
MwRSF Report No. TRP-03-208-10

There are concerns that placing anchorage on back side of the barrier can induce increased vertical

rotation of the barrier segments which could increase the potential for vehicles to climb the sloped

barrier face and become unstable.

The approach transition design was tested with the 42-in. (1,067 mm) tall, CA single-slope

median barrier because this barrier was identified as the most critical barrier design for the

transition. However, there are other permanent concrete median barriers that can be attached to the

approach transition as long as the following guidelines are applied.

1.

If the permanent median barrier is 32-in. (813 mm) high, the sloped, steel transition cap is
not required for the transition. For barriers with heights greater than 32-in. (813 mm) high,
the steel transition cap is required. The cap design can be adjusted for different height and
shape barriers as long as adjusted cap p}rovides equivalent slope, permanent barrier coverage,
barrier overlaﬁ, structural capacity, and anchorage as the original design.

Alignment of the temporary barrier systém with the permanent barrier may also change when
the transition is applied to different permanent barrier geometries, as shown in Figure 69.
When attaching to a single-slope barrier profile, the slope break point between the toe of the
barrier and the main face of the barrier should be aligned flush with the oncoming traffic side
of the single-slope barrier. For safety shape barriérs, the toe of the temporary barrier should
be aligned flush with the toe of the oncoming traffic side of the median barrier. Vertical
median barriers require that the toe of the temporary barrier segments on the reverse
direction traffic side be aligned with the base of the permanent barrier on the reverse

direction traffic side. These alignments will prevent vehicle snag for oncoming traffic on the
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permanent median barrier while preventing snag on the toe of the barrier for reverse
direction impacts.

3. The thrie beam sections that span the gap between the end of the temporary barrier and the
permanent median barrier should be used in all instances except when the transition leads
into the bolt-through tie-down system or the asphalt pin tie-down | system, as described
previously.

Finally, the researchers believe that the bolt-through tie-down system developed previously
could be safely applied to transitions on concrete surfaces using the configuration developed herein.

The asphalt pin and bolt-through tie-down systems are believed to possess similar lateral restraint

and thus can be interchanged in the transition design as needed.
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APPENDIX A

Usage Summary for Temporary Barrier Transitions Survey
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February 2, 2006

Mr. Phil Tenhulzen

Nebraska Department of Roads
1500 Highway 2

P.O. Box 94759

Lincoln, NE 68509-4759

Dear Mr. Tenhulzen:

The Midwest Roadside Safety Facility (MwRSF) is in the initial phase of a temporary
barrier project that will ultimately lead to the development of a transition between
temporary barrier systems and other types of longitudinal barrier system. The project is
sponsored by the Midwest States Pooled Fund Program in year 16.

In practice, temporary concrete barriers must be connected and transitioned to many
types of barrier, such as permanent concrete safety-shape barriers, vertical concrete
barriers, tubular steel bridge railings, W- beam guardrail, thrie-beam guardrail, and open
concrete bridge railings. Sample photographs of existing field installations have been
included below. Since only a small number of transitions will actually be developed,
identifying the most prominent need is required.

Figure A-1. Example of Survey Letter to NDOR - Page 1 of 2
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After compiling the various transition needs, they will be organized into a limited number
of design categories that will result in the smallest number of full-scale crash tests as
possible. Priorities for the project will be assigned based on: (1) the importance of the
transition to the States participating in the Pooled Fund Program; (2) the number of
different systems that can be addressed simultaneously; and (3) the potential for the
development of a successful NCHRP Report 350 design.

To complete the initial phase of the project, the researchers at MwRSF need to establish
which transitions provide the greatest value to the Pooled Fund states. Thus, MwRSF
researchers need to know which transitions are the most common, what types of
transitions are being used for each case, and what standard plan or drawing details have
been established for such transitions.

Please take a moment to reply with the following information:

e Any details, state standards, plans, or special plans concerning any type of
temporary barrier transitions, including but not limited to all types mentioned
previously.

e Any photographs of current or past temporary barrier transition installations.

e A completed copy of the enclosed temporary barrier transition usage summary.

Questions should be directed to Jason Hascall, MwRSF research engineer, at (402) 472-
9043 or jhascall@unlserve.unl.edu. The completed form and all additional documents
should be mailed, faxed, or E-mailed to:

Jason Hascall
527 Nebraska Hall
P.O. Box 880529
Lincoln, NE 68588-0529
(402) 472-9043
FAX: (402) 472-2022
jhascall@unlserve.unl.edu

Please reply no later than February 24, 2006. Thank you for your efforts and time.

Sincerely,

Jason Hascall, M.S.C.E,,E.IT.
Research Engineer

Figure A-2. Example of Survey Letter to NDOR - Page 2 of 2
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Usage Summary for Temporary Barrier Transitions

(N
@
&)
@

Concrete Safety Shape Barrier Percent] Rank
Transitioning to: Not Useful Somewhat Useful Very Useful (2) (3)
W-beam Guardrail 1 2 3 5

Thrie-Beam Guardrail 1 2 3 5
Permanent Conprete Vertical 1 5 3 5
Barrier
Permanent Concrete Safety
. 1 2 3 5
Shape Barrier
Temporary Concrete Safety
: 1 2 3 5
Shape Barrier
Tubular Steel Bridge Railing 1 2 3 5
Open Concrete Bridge Railing 1 2 3 5
Box-Beam Guardrail 1 2 3 5
1 2 3 5
Please direct questions or return completed form to:
Jason Hascall

Identify how useful the development. of the listed transition would be to your state by circling a number from 1 to 5.
Include the approximate percentage of temporary barrier transitions which are comprised of the listed transition.
Rank the transition types in order of their benefit to your state with 1 being the most beneficial.

Include pictures, details, and drawings concerning temporary concrete barrier transitions, including all those listed below.

Transition Type - Temporary

Usefulness Summary: (1)

Midwest Roadside Safety Facility
527 Nebraska Hall

P.O. Box 880529

Lincoln, NE 68588

(402) 472-9043

Figure A-3. Usage Summary for Temporary Barrier Transitions Survey

FAX: (402) 472-2022
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APPENDIX B

Details of Temporary Barrier Transitions Obtained from the States
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Figure B-1. South Dakota Details of Temporary Barrier to Bridge End Transition - Page 1 of 2

119



July 15,2010
MwRSF Report No. TRP-03-208-10

With W-Beam End Blook

~“|

Begin or End Bridge
PLAN - DETAL “X* i S e
Whth Tirfe Boas End Block
fector Pin_, W Esting @ v, W Stesl Pioe lovable Conorats Barrtor
Wire Rope Novabéo Conorefs Barrfer
NG
v, . . :
e Rl Al SR
et s e
ELEVATION - DETAIL X~ DETAIL “X*
Wit Tilo Bocen End Block Fosts
& PLATE NUMBER
g TEMPORARY CONNECTION OF SPECIAL
o | MOVABLE CONCRETE BARRIER T BRIDGE END w2 o 2
| F

Figure B-2. South Dakota Details of Temporary Barrier to Bridge End Transition - Page 2 of 2

120



Crash Attenuator that meets
the crash testing requirements
of NCHRP Report 350,

10 Units

Test Level 3

Minimum

171

Unit
Inimum

Varlable Number

5 Unlts
Infmum

A, Work Area

Yariable Number
of Unlts

of Units

Figure B-3. South Dakota Details of Temporary Barrier Transition
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Figure B-8. Nebraska Temporary Barrier Transitions
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3 o CENTERED ON PLATE : 29 374 v
O] ~N
412t — AN -, (1/2 " TOP PLATE DETAID | =
= Ny o T ELEVATION

G— — —
T \‘—“——'Z 374 " DIA,

LAR
LOOP BAR ASSEMBLY

{MARKED END SHOWN, INVERT FOR OTHER ENDJ
(MATERIAL &5 STATED IN GENERAL NOTES)
(DIMENGIONS ARE OUT TO OUT OF
BARS UNLESS DTHERWISE NOGTED.

]
=

6 1/2 " DIA.

@4

19A2

SECTION B-B
TYPICAL SECTION
(STIRRUP PLACEMENT}

x 3"

24 8"

E

T0 1952 BAR

MATERIAL: USE SPEC, 3301, GRADE 60 REINFORCING BARS,
EXCEPT FOR THE LOCP BARS (1801, 19D2 AND 19D33.

THE LOOP BARS 11901, 1332 N\D 1503 SHALL BE 3/4 " SWOOTH
STEEL BARS PER SPEC. THE LOOPS SHALL
BE INSTALLED WITHIN 1/8 ” OF THE PLAK DIMENSIONS.

© -

s 13/4° e

o~ M. CL. Y

1341
® s
| 2-16B1
N N o GENERAL NOTES
w Y w ¥ %
g
CHAMFER

THE CONCRETE MIX SHALL BE 2w43 PER SPEC. 24813,

USE 11/8 * DIA. ANCHOR BOLTS WITH HEAVY HEX NUT & WASHER
PER SPEC. 3385, TYPE A, CONNECTION PIN SHALL BE MATERIAL
COMPLYING WITH SPEC. 3381.2A..

ALL BOLTS AND NUTS SHALL BE
COMPLYING WITH SPEC. 3381.24.

SECTION: THE SECTION FURNISHED MUST GENERALLY COMPLY
WITH DIMENSIONS SHDWN. REQUESTS FDR MINOR VAR[ATIONS
IN SECTION GEOMETRY AND ATTACHMENTS MAY BE SUBMITTED
TQ THE STATE MATERIALS ENGIMEER FDR APPROVAL.

LIFTING SLOTS: LIFTING SLOTS SHALL BE CONSTRUCTED WHERE
SPECIFIED ON THE PLANS TO FACILITATE THE DRAINAGE OF
WATER AFTER INSTALLATION ON THE ROADWAY AND SHOULD BE
KEPT FREE OF DEBRIS.

GALVANIZED PER SPEC, 3322

(D 3/8 " HOLE AND RETAINER BOLT AT CONTRACTOR'S OPTION.
(2) v NOTCH 1S OPTIONAL
(3) MARKED END

/ 3/4" @ SEE TRAFFIC CONTROL PLAN FOR TYPE OF BARRIER DELINEATION
e CHAMFEQ—/\/ AND SPACING. IF NO TRAFFIC CONTROL PLAN IS PROVIDED, SEE
/ MK MUTCD GRAPTER &7 TENPORARY TRAFFIC BARRIER FOR
a0 1814 SuID
%—W A FOT ®) TS MLL BE A THROUGH BOLT IF MOUNTED ON BRIDGES.
va0 vz

NOTE:

BARRIER SECTIONS SHALL NOT BE
PERMANENTLY INCORPORATED INTO
CONSTRUCTION DR MAINT. PROJECTS.

Mar-. 19, 2003

APPROVED

STATE OF MINNESOTA

STATE CESIGN ENGINEER

DEPARTMENT OF TRANSPORTATION
TEMPORARY PORTABLE PRECAST
CONCRETE BARRIER

TYPE '

SPECIFICATION | STANDARD
REFERENCE PLATE
2533 NG,
83378
tof 2

Figure B-13. Minnesota Details of Temporary Barrier Transitions
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1200
° 13A1 SPA. 2¢ 9 19" | 8" TSRt o v-e2t o By 1-91/2 " } -9 172 " ‘FAB”_L 9" e A [ DR
@
g 5 § ] B
@ ) ANCHOR BOLT
8 B IQT /BLOCKOUT (BOTH SIDES) r‘m»
- ~ 7
< S Y
§ ) 13A1—=| 1551 A 1901 | =
=
@ 1903 - -
4 _— 2 Ei » 1381 & EREE ol i
T ) 1302 € <ty ey i
- i 1301 { s oa(2) | 1 13D34—, -
a 2 Z T 7
o 2 ] N 4| N é;-_w -
w - i = e\ = i i )
s ) A j il _mi - | i
& K 1942 \_LIFTING SLOT I\ be
S a-1/2 A <a-l 13A2 =‘f g g e o e L»B = 1
A - | SEE DETAIL 'B' /‘5\ /K, 1-0 - L0 T L &3
= " gv R 3w . aige
5 2'-0 o 413" " 4'-3 _Tl__ 20 |
P 2y € <ad TG
iz
3-3/8 * % 1/8 " MEASURED FROM FACE
OF BARRIER TO QUTSIDE EDGE OF LOCF BAR

3-3/8 " & 1/B " MEASURED FROM FACE
OF BARRIER TO QUTSIDE EDGE OF LODP BAR

ELEVATION VIEW

1200
ANCHOR BOLT 2-gn | 43" ! 4'-3¢ ] 2-a
HOLE SPACING| -
19A2 (IN PAIRS}
T T T T
1681 -
i 1 £208 ) |
155 I ; | TS g
1903 7 1 ] -13ct | ) e
T T 1301 1] *—16BL T
| | 1681 | |

" 4" (TYP.)

i PLAN VIFW —= L—-ﬁ

o f /v N\ /FoRi G GENERAL NOTES:

LI @ MARKINGs THE LEFT END OF EACH BARRIER SHALL BE

$EERPATHF ILENAME@SBS

“—(( PERMANENTLY MARKED BY STAMPING OR FORMING INTO

7 THE BARRIER THE FOLLOWING INFORMATION:
R T - TYPE 83378
- T_%'?:EA‘SQMTS?DEFAASTK OF MANUFACTURER AND
SECTION _C-C ’ - DATE MANUFACTURED (MONTH AND YEAR}
LIFTING SLOT DETAIL - 4709 CR.50W OR EQUAL.
4 DIAMETER - 11 GAUGE STEEL ROLND MECHANICAL
] (1" CHAMFER TQ PREVENT SPALLING) ® TUBING SLEEVE. THESE HOLES ARE GPTIDNAL.
ES [SET WITH 3-5/8 * WODDEN BLOCK AT NO TIME SHALL THE BARRIERS BE LIFTED, MOVED, ETC. BY
it USE OF THE LOOP BARS: 13D1, 1902 GR 18D3.
. ; R 17 _—
= 1681 \ ’_ @ /"lbﬁl PER 12'-6" BARRIER SECTION
- —X REINFORCING ASTM AB1& GR. 60 (SEE SPEC. 33011
i | =t 1341
- 18B1—_| o
E .
1903 BAR LENGTH |  WEIGHT
= san | SR SHAPE X i ELH
1902 Be1 | 13 I 1z 60" 8.1
1901 U TR = B EEg 263
£ T - 1681 | 16 J— 3 122" 38.1
4 £ e — 13¢1 | 13 2 122" 16.3
u | AT LOOP ASSEMBLY ASTM A708 GR. 50W (SEE SPEC. 3309)
= _/ 1651—/ K 1681
3 1342 1942 1901 | 19 [ 2 B 25.3
. 1902 | 19 = 2 77 258
= P CeTAL A ORTARS 374 " CHAMFER FEER RG] ; 3 Frs 355
5 X
@ I ] o
$ DETAILS OF BARRIER CONNECTION CONGRETE QUANTITY = 1318 O
CONCRETE WEIGHT = 5340 LBS.
sppRovED | Mar-. 19, 2003 STATE OF MINNESOTA SPECIFIGATION | STANDARD
Y DEPARTMENT OF TRANSPORTATION REFERENCE PLATE
H ﬁ TEMPORARY PORTABLE PRECAST 2533 NO.
~ -
D | delbatll! Fodtae CONCRETE BARRIER 83378
4 STATE DESIGN ENGINEER TYPE 1F1 > of 2

Figure B-14. Minnesota Details of Temporary Barrier Transitions
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TERMINAL END 12'6" . T0 C. . END TREATMENT AS REQUIRED
DESIGN A
f:lﬁsﬂﬂl 63" 6'3" 63" C. 70 C.
T DESIGN 8
SECTION OVERLAP IN DIRECTION OF TRAFFIC
ye | ™~ o )
Lol M- il HIN 4 L.. | e
— <
21" H

ZZSN

-~ GROUND LINC AT FACE
OF GUARDRAIL

I—ANCHORAGE ASSEMBLIES ARE DMLY TO BE USED IF NOT IN THE
CLEAR ZONE OF THE OPPOSING TRAFFIC, IF IN THE CLEAR ZONE
OF OPPOSING TRAFFIC, MUST LISE CRASHWORTHY TERMINAL,

DIRECTION
OF TRAFFIC

DEFINITION OF APART
AND CLOSED SPLICES

INSTALLATIONS,

EACH QTHER

DEFINITION OF APART AND CLOSED SPLICES.
WHEN 25 FT. LONG RAIL SECTIONS ARE USED FOR AN

INSTALLATION, SET THE 8 SPLICE BOLTS ACCORDING TO
THE AIR TEMPERATURE AS FOLLOWS:

BELOW 10°F.

1/4 CLOSED,

INSTALLATION
LONG RAIL OVERLAP
\ .
L 3 3
|
9 @ a: h
facssn] | | — SPLICE
BOLT
L [3) @""} L sior
T fo ) Q 1
¥ 1
CLOSED
DIRECTION NOTES:
OF TRAFFIC SEE CHAPTER 10 IN THE ROAD DESIGN MANUAL FOR END
SHORT RAIL OVERLAP TREATMENT INFORMATION,
| STEEL PLATE BEAM GUARDRAIL, TERMINAL SECTION,
i RAIL SPLICE, SPLICE BOLT SHAPES AND DIMENSIONS
o) ol SHALL CONFORM TG AASHTO M-180. ALL GUARDRAIL
| SHALL BE 12 GAGE.
5 o N h| STEEL POSTS SHALL BE AASHTO M 27OM (ASTM A 709) GRADE
p—_— | |~ spLice 36 STEEL. AFTER ALL THE HOLES ARE PUNCHED AND CUTS
BOLT ARE MADE, POSTS SHALL BE ZINC HOT-DIP GALVANIZED)
L © o L stor COATED ACCORDING TO AASHTG M 111 (ASTM A 123)
T o @ | GUARDRAIL INSTALLED ON CURVES WITH RADIUS OF 150 FT.
! B | OR LESS SHALL HAVE RAIL ELEMENTS SHOP CLRVED.
APART USE THE SAME TYPE OF POST THROUGHOUT, ON NEW

WHEN RAIL SECTIONS USED FOR AN INSTALLATION ARE
12'6" LONG, CENTER THE 8 SPLICE BOLTS ON TOP OF
{OR 1/2 APART AND 1/2 CLOSED )\

SEE

WS:
- SET 3/4 OF THE SPLICES APART AND

10 F. TO 95° F. - CENTER THE SPLICE BOLT SLOTS OR
SET 172 OF THE SPLICES APART AND
1/2 CLOSED.

INSTALLATION WITH STEEL POSTS

ABOVE 95°F, - SET 1/4 OF THE SPLICES APART AND
374 CLOSED.
APPROVED MARCH 31, 2004 STATE OF MINNESOTA SPECIFICATION STANDARD
——————— DEPARTMENT OF TRANSPORTATION REFERENCE PLATE
Wilat/ W-BEAM GUARDRAIL & N K.
__________ END ANCHORAGES 8338C
STATE DESIGN ENGINEER 10F 4

Figure B-15. Minnesota Details of Temporary Barrier Transitions
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TERMINAL END
12 & 3
REGULAR HEX HEAD BOLT
11747 DIA X 15" MIN. FLARED END, SECTION 7 OVERLAP I DIRECTION OF TRAFFIC
l;'?;lbﬁom 5t A I'L'
2172m RLa l I
s 000000000
TR A
ANCHORAGE BOLT e A :I
! BURIED
O &———" ANCHORAGE
S 25" ! | assemmLy
S F L2d. e 4" 8-1/2v 2 v —
= T T R TS
1 i L) L
P SION © BURIED ANCHORAGE ASSEMBLY
LTHREE 13/16% DIA, HOLES FOR ~—— 1-3/8" DIA. PLAN VIEW
5/8" DIA. X 1-3/4" BOLTS & NUTS  HOLE
ANCHORAGE PLATE WASHER
378 X 2-1/2% X 25" STEEL PLATE BEAM
GUARDRAIL
ANCHORAGE
25" SECTION OF STANDARD RAL PLATE
le-POST BOLT §
ool dsan] d1san 4 g-/20 v BOLT HEAD
A PERMITTED
r DN EITHER
SIDE
[ P [ .
DOTTED PLATE
H (e ¢ O ey HOLES & WASHER
~
p o 1Y opTION ANCHO!
2 i = ',/ . oo
) / /) & &
SECTION A-A
' [« o] [ SHOWING ASSEMBLY
3/4v X 2-1/2" SLOT J / L A N\ THO 1-1/2" DIA. HOLES
23/32" X 1-1/8" SLOT &ug:rpgngé_&cm ANCHORAGE BOLT
ANCHORAGE PLATE UPPER FACE —

e - o
26 ai 2" CLR. e TURNBUCKLE
— INSCRIBE r~ FORGED STEEL
R /;EHU% ':"I—— rr TURNBUCKLE
- 5 L =t Ny _ ) 6" TAKE-UP
~ 1-1/4" DIA.
1-3/8" DIA. 1-3/8" DIA. HEAVY TURNBUCKLE
7 LY HoLE HOLE HEX NUT ANCHOR ROD
ND. 13 X 2'3" BARS, 5" 0.C. EACH WAY AN
ANCHOR BLOCK ANCHOR g'-E“TC:n;‘L:‘E msier DR IEERL N\ /,>
PRECAST REINFORCED CONCRETE 1/2" THICK X 4'' SQUARE SEE DETALL A (Wi
TURNBUCKLE ANCHOR ROD @
THE ANCHORAGE ASSEMBLY TLRNBUCKLE SHOULD
BURIED ANCHORAGE ASSEMBLY @aa INSTALLED SO THAT THERE IS FULL THREAD
CONTACT AT BOTH ENDS OF THE TLURNBUCKLE.
MARCH 31, 2004 STATE OF MINNESOTA SPECIFICATION | STANDARD
ApPROVED et DEPARTMENT OF TRANSPORTATION REFERENCE PLATE
: NO.
Wl n { W-BEAM GUARDRAIL & 2554 83380
_______ —_ END ANCHORAGES
STATE DESIGN ENGINEER BURIED ANCHORAGE ASSEMBLY DETAILS (STEEL POSTS) 4 0F 4

Figure B-16. Minnesota Details of Temporary Barrier Transitions
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—_——iee-

ROADSIDE APPLICATION — PERMANENT SAFETY SHAPE
TRANSITIONING TO TEMPORARY SAFETY SHAPE

. ——-—

ROADSIDE APPLICATION - PERMANENT VERTICAL
BARRIER TRANSITIDNIQIG TO TEMPORARY SAFETY
HAPE

i

ROADSIDE APPLICATION - TEMPORARY SAFETY SHAPE
TRANSITIONING TO PERMANENT SAFETY SHAPE

ROADSIDE APPLICATION - TEMPORARY SAFETY SHAPE
TRANSITIONING TO PERMANENT VERTICAL BARRIER

~ ==
:}::“l:——::l
e

MEDIAN APPLICATION — PERMANENT SAFETY
SHAPE-TEMPORARY SAFETY SHAPE

fe= E—

MEDIAN APPLICATION — PERMANENT VERTICAL
BARRIER-TEMPORARY SAFETY SHAPE

A ffE——
o —m————

ROADSIDE APPLICATION — W-BEAM GUARDRAIL
TRANSITIONING TO TEMPORARY SAFETY SHAPE

|
— gy

ROADSIDE APPLICATION —~ TEMPUORARY SAFETY SHAPE
TRANSITIONING TOD W-BEAM GUARDRAIL

Figure B-17. Minnesota Details of Temporary Barrier Transitions
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APPENDIX C

32 in. Temporary F-Shape Barrier to Permanent Barrier Transitions
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Traffic from Traffic from Traffic from
Permanent Temporary Permanent

Barrier to Barrier to Barrier to

Temporary Permanent Temporary

Barrier Barrier Barrier

Traffic from
Temporary
Barrier to
Permanent
Barrier

Traffic Faces of Barriers Aligned

¢ of Barriers Aligned

Note: (1) The 32" temporary F—shape barrier is shown as the front barrier.

Midwest Roadside| _

Saofety Facility

SHEET:
|Median Barrier Transition [sa 2
32" Temporary F—Shape DATE:
Barrier to 427 Median NJ 7/18/07
Barrier T T
GRA
DWG. NAME. SCALE: None |REV. BY:
MedionBarrier Transition_ dr awing_R3 UNITS: Inches |KAP/RKF

Figure C-1. 32 in. Temporary F-Shape Barrier to 42 in. Median NJ Barrier
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Traffic from Troffic from

Permanent Temporary
Barrier to Barrier to
Temporary Permanent
Barrier Barrier

Traffic Faces of Barriers Aligned

Note: (1) The 32" temporary F—shape barrier is shown as the front barrier.

Traffic from
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Barrier to
Temporary
Barrier
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Temporary
Barrier to
Permanent
Barrier

¢ of Barriers Aligned

Midwest Roadside

Median Barrier Transition

SHEET:

Sofety Facility

7o 22
DATE:
32" Temporary F—Shape 2/16]65
Barrier to 42" Median TX
Single—Slope Barrier [ORAWN BV |
GRA,
DWG. NAME. SCALE: Nene |REV. BY:
MedionBarrierTi onsition_drawing_R3 | UNITS: Inches |kaP/RKF

Figure C-2.

32 in. Temporary F-Shape Barrier to 42 in. Median TX Single-Slope Barrier
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Traffic from
Temporary
Barrier to
Permanent
Barrier

Traffic Faces of Barriers Aligned

¢ of Barriers Aligned

Midwest Roadside
Note: (1) The 32" temporary F—shape barrier is shown as the front barrier. Sqfety Fqcﬂity

Median Barrier Transition

SHEET:

9ol 22
32" Temporary F—Shape ORTE:
Barrier to 42" Median CA 7718/07
Single—Slope Barrier —
DRAWN BY:
GRA
DWG. NAME. SCALE: None |{REV. BY:
MedionBarrier Transilion_drawing_R3 UNITS: Inches |KAP /RKF

Figure C-3. 32 in. Temporary F-Shape Barrier to 42 in. Median CA Single-Slope Barrier
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Traffic from Traffic from

Permanent Temporary
Barrier to Barrier to
Temporary Permanent
Barrier Barrier
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Traffic Faces of Barriers Aligned

Traffic from
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Temporary
Barrier

Traffic from
Temporary
Barrier to
Permanent
Barrier

¢ of Barriers Aligned

SHEET:

Median Barrier Transition |" « 2
» DaTE:
32" Temporary F—Shape 7/16/07
Barrier to 42" Paraphet —
DRAWN BY:
Midwest Roadside -
1 DWG. NAME. SCALE: Nene |REV. BY:
Note: (1) The 32" temporary F—shape barrier is shown as the front barrier. SOfety FOCI'Ity MedionBarrier Transition_chawing R3 | UNITS: inches |KaR/RKF

Figure C-4. 32 in. Temporary F-Shape Barrier to 42 in. Vertical Median Barrier
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Traffic from Traffic from Traffic from Traffic from
Permanent Temporary Permanent Temporary

Barrer to Barrier to Barrier to Barrier to

Temporary Permanent Temporary Permanent
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SHEET:
Median Barrier Transition [s« =

DATE:

32" Temporary Wide F—Shape

Barrier to 42 Median NJ ne/or
Barrier [ORawN B: |
Midwest Roadside -
Note: (1) The 32" temporary F—shape barrier is shown as the front barrier. SGfe’ty FOClhty DG HAME. SCALE: Nene [REV. BY:

MedionBarier Tr ansitien_ drowing _R3 UNITS: inches [KAP /RKF

Figure C-5. 32 in. Temporary Wide F-Shape Barrier to 42 in. Median NJ Barrier
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Note: (1) The 32" temporary F—shape barrier is shown as the front barrier.

Traffic Faces of Barriers Aligned

Midwest Roadside
Safety Facility

SHEET:
Medion Barrier Tronsition |7« 2
32" Temporary Wide F—Shape [*T
Barrier to 42" Median TX 7/18/07
Single—Slope Barrier s
GRA
DWG. NAME. SCALE: Nene |REV. BY:
MedionBarrierTr onsition_drawing_R3 UNITS: inches |KAP/RKF

Figure C-6. 32 in. Temporary Wide F-Shape Barrier to 42 in. Median TX Single-Slope Barrier
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Traffic Faces of Barriers Aligned

Note: (1) The 32" temporary F—shape barrier is shown as the front barrier.

Traffic from Traffic from

Permonent Temporgry
Barrier to Barrier to
Temporary Permanent
Barner Barrier

@ of Barriers Aligned

Midwest Roadside

Safety Facility [> ™=

SHEET:
Median Barrier Transition [wa 2
32" Temporary Wide F—Shape [oae
Barrier to 42" Median CA 7416707
Single—Slope Barrier
DRAWN BY:
GRA
SCALE: Nene |REV. BY:
MedianBarrier Tr ansilion_drawing R3 UNITS: Inches |KAP/RKF

Figure C-7. 32 in. Temporary Wide F-Shape Barrier to 42 in. Median CA Single-Slope Barrier
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Traffic from
Temporary
Barrier to
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Barrier

Traffic Faces of Barriers Aligned

Note: (1) The 32" temporary F—shape barrier is shown as the front barrier.
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Barrer to
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Barrier

¢ of Barriers Aligned

Midwest Roadside
Safety Facility

SHEET:
Median Barrier Transition |21« =
» DATE:
32" Temporary Wide 7/18/07
F—Shape Barrier to
42" Paraphet ORAUN B
GRA.
OWG. NAME. SCALE: Nene |REV. BY:
MedionBarrier Tr ansition_ & awing_R3 UNITS: Inches |KAP/RKF

Figure C-8. 32 in. Temporary Wide F-Shape Barrier to 42 in. Vertical Median Barrier
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APPENDIX D

Vehicle Center of Gravity Determination
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TCBT-1 Vehicle: 2002 Dodge Ram 1500QC
. Vehicle CG Determination

VEHICLE  Equipment Weight LongCG VertCG HORM VertM
+ Unbalasted Truck 4971 62.5 283 310687.5 140679.3
+ Brake receiversfwires 5 116 51 ‘ 580 255
+ Brake Frame 5 34 31 170 155
+ Brake Cylinder 22 74 29 1628 638
+ Strobe Battery 6 74 30 444 180
+ Hub 27 0 15 0 405
+ CG Plate (EDRs) 8 54 32 432 256
- Battery -44 -7 45 308 -1880
- Oil -10 8 19 -80 -180
- Interior -72 44 24 -3168 -1728
- Fuel -176 111 20 -19536 -3520
- Coolant -16 -18 35 288 -560
- Washer fluid 0 -15 35 0 0
BALLAST Water 175 11 20 19425 3500

Misc. (DTS equip) 20 74 27 1480 540

Misc. (Spare tire) 70 161 24 11270 1680

: 323928.5 140310.3
TOTAL WEIGHT 4891 64.90252 28.11266

wheel base 140.25

NCHRP 350 Targets CURRENT Difference
Test Inertial Weight 5000 4991 -9.0
Long CG 62 64.90 2.90252
Vert CG 28 28.11 0.11266

Note, Long. CG is measured from front axle of test vehicle

Curb Weight Actual test inertial weight

Left Right Left Right
Front 1442| 1384 Front 1382| 1388
Rear 1101] 1044 Rear 1135| 1101
FRONT 2826 FRONT 2770
REAR 2145 REAR 2236
TOTAL 4971 TOTAL 5006

Figure D-1. Vehicle Mass Distribution, Test No. TCBT-1
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wheel base 140.25

TCBT-2 Vehicle: 2003 Dodge Ram 1500QC
Vehicle CG Determination
Equipment Weight LongCG VertCG HORM  VertM
Unbalasted Truck 4905 62.5 28.3 3065625 138811.5
Brake receiversfwires 5 116 51 580 255
Brake Frame 5 34 31 170 155
Brake Cylinder 22 74 29 1628 638
Strobe Battery 6 .74 30 444 180
Hub 27 0] 15 0 405
CG Plate (EDRs) 8 54 32 432 256
Battery -44 -7 45 308 -1980
Qil -9 8 19 -72 -171
Interior -60 44 24 -2640 -1440
Fuel 0 0 0
Coolant 0 -18 35 0 0
Washer fluid -0 -15 35 0 0
Water 0 0]
Misc. (DTS equip) 20 74 27 1480 540
Misc. (ballast plates) 99 112 32 11088 3168
0 0

319980.5 140817.5
TOTAL WEIGHT 4984 64.20154 28.25391
NCHRP 350 Targets CURRENT Difference
Test Inertial Weight 5000 4984 -16.0
Long CG 62 64.20 2.20154
Vert CG 28 28.25 0.25391

Note, Long. CG is measured from front axle of test vehicle

Curb Weight

Front
Rear

FRONT
REAR
TOTAL

Left Right
1442| 1384
1101] 1044
2826
2145

4971

Actual test inertial weight

Front
Rear

FRONT
REAR
TOTAL

Left Right
1336 1345

1177| 1132

2681
2309

4990

Figure D-2. Vehicle Mass Distribution, Test No. TCBT-2
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APPENDIX E

Vehicle Deformation Records
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VEHICLE PRE/POST CRUSH INFO

TEST: TCBT-1
VEHICLE: 2002 Ram 1500 Q.C. 4x2

July 15,2010

MwRSF Report No. TRP-03-208-10

Note: If Impact |s on driver side need to
‘enter negative number for Y

POINT X Y Z X Y Z DEL X DEL Y DEL Z
= e
1 27.75 13.5 -1.5 25.75 14 0.25 -2 0.5 1.75
315 19.75 -3.75 275 19.25 0 -4 -0.5 3.75
3 32 25 -2.25 26 25.75 3 -8 0.75 525
4 29.5 29.5 -1.5 27 28.25 1.5 -2.5 -1.25 3
5 23.75 11 -2 23 10.5 0 -0.75 -0.5 2
6 25.25 17 -5.756 22.75 17.25 -3.25 -2.5 0.25 2.5
7 25.75 23.5 -8 20.5 21.25 -3.75 -5.25 -2.25 4.25
8 26.5 30.25 -6 23 27.5 -3.75 -3.5 -2.75 2.25
9 19.25 8.25 -3.25 18 8.75 <1.78 -1.25 0.5 1.5
10 21.25 15.5 -6.75 18.25 15.75 -4 -3 0.25 2.75
11 23 225 -9 18.756 20.75 -6.75 -4.25 -1.75 2.25
12 23 29.75 -8.5 20.25 275 -6.5 -2.75 -2.25 2
13 14 0.5 -3.5 13.75 0.5 -3.5 -0.25 0 0
14 14.5 7.256 -3.5 14.5 7 -3.25 0 -0.25 0.25
15 16.75 15.25 -10.25 15.5 14.75 -9 -1.25 -0.5 1.25
16 17 23 -10 15.25 22.5 -10 -1.75 -0.5 0
17 17 29.75 -10 16.5 285 -10.75 -0.5 -1.25 -0.75
18 9 0.75 -4 9 0.75 -4 0 0 0
19 10 7.25 -3.756 10 7.5 -3.75 0 0.25 0
20 12.75 15.25 -10.25 12.5 14.5 -10.5 -0.25 -0.75 -0.25
21 13.5 24 -10 13.5 23.25 -11.5 0 -0.75 -1.5
22 12.75 30.75 -9.75 12.5 29.75 -10.75 -0.25 i | |
23 1.5 0.5 -3.25 1.5 0.5 -3 8] 0 0.25
24 15 4.75 -3.25 1.5 4.5 -3 0 -0.25 0.25
25 15 9.25 -3.75 1.5 9 -3.5 0 -0.25 0.25
26 1 14.75 -5.5 1 14 -5.75 0 -0.75 -0.25
27 1 21.75 -5.25 1 20.75 -5.75 0 -1 -0.5
28 1 28 -5 1 27 -5.75 0 -1 -0.75
29
30
\ DASHBOARD a /

o]

cl

cl

)
——

Figure E-1. Occupant Compartment Deformation Data, Test TCBT-1
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Qeeupant Compartment Deformation Index (OCD))

Test No, TCBT-1
Vehicle Type: 2002 Dodge Ram 1500

QCPI 2 XXABCDEFGH

XX = location of occupant compariment

A = distance between fhe dashboard and a reference point at the rear of the occupent companment, such as the top of the reer seat or the rear of the cab on a pickup

B = distance batween the roof and the floor panel

C= ba aref poinl & the rear of the occupant compartmaent and the motor panel

=di bet the lower dashboard and the floor panel
E = interior width
F = distunce heiween the lower sdge of right window and the upper sdge of left window
G = distarce belwean Lhe lower edge of lefl window and the upper sdge of right window
H= distance betwesn botlom front comer and top rear comer of the passanger side window
I= dislance betwean bottom front corner and top rear corner of the driver side window
Sevenity Indices
@ - i the reduction is less than 3%
1 « i the reduction is greater than 3% and less than or equal to 10 %
2 « Fihe reduction Is greater than 10% and less than or equalto 20 %

3 - i Ihe reduction Is greater ihan 20% and less than or equal to 30 %
4 - if the reduction (s greater than 30% and fess than or equai to 40 %

U

@“} %’%am,p& —

IE A B

D

where,
1 = Passanger Side
2 = Middie
3 = Driver Side
Location:
[ Moasuroment|  Pro-Test (in. | Bost-Test [in. @ [ing| % Difterence] Sevesity index | |Note: Maximum sevrity index for each variable (A-)
Al 6.00 56.00 D.00 .00 is used for determination of final OCUI vaiue
A2 52,50 219 .25 49
A3 87.00 75 .75 32
G 350 L
B2 4228 A2.75 .50 .18
B3 47.50 48.75 .28 2.63
c - bbb 'E sl
[« 51.00 50.78 -0.28 ~049
C3 £9.50 66.00 4,60 ~647
D 13.50 3.7% .28 .65
D 22.78 24.75 .00 8.79
6525 2.50 275 4.
=) £5.00 450 ~0.50 0,
F 5778 7,60 -0.25 -0,
G 54.50 4,25 D25 0.4
H 39.00 9.00 00 00
1 39.50 38,50 .00 0.00
XABCDEFGHI
Final QCOR RFODI1I11000C0

Figure E-2. Occupant Compartment Deformation Index (OCDI), Test TCBT-1
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VEHICLE PRE/POST CRUSH INFO

July 15, 2010

MwRSF Report No. TRP-03-208-10

Set-1
TEST: TCBT-2 Note: If impact is on driver side need to
VEHICLE: 2003 Ram 1500 Q.C. 4x2 enter negative number for Y

POINT X Y Z X' Y’ Z' DEL X DEL Y DEL Z
1 28.25 12.5 -0.25 26.25 12.5 -0.25 0 0 5]
2 29 16.75 -2.75 28.75 16.5 -1.5 -0.25 -0.25 1.25
3 31.5 23.25 -1.75 29.5 21.5 0.5 -2 -1.75 2.25
4 29 29.5 -0.5 29.5 27.75 2 0.5 -1.75 25
5 19.75 8 -1.5 19.5 8 -1.25 -0.25 0 0.25
6 20.75 11.5 -2.75 20.5 11.25 -2.75 -0.25 -0.25 0
7 22 16.5 -4.75 21.75 15.5 -5 -0.25 -1 -0.25
8 23.25 24.25 -6.75 21.5 22.75 -5.25 -1.75 -1.5 1.5
9 23.5 30.25 -6.25 21.75 28.75 -5.25 -1.75 -1.5 1
10 12 5 -3 12 5 -2.75 0 0 0.25
11 12.5 9.75 -6.75 12.5 8.75 -7 0 -1 -0.25
12 12.5 16.5 -8.75 12.5 15.5 -8.5 0 -1 0.25
13 13.5 25 -8 12.5 24.25 -7.25 -1 -0.75 0.75
14 14 29.75 -7.75 13.5 29.25 -7.5 -0.5 -0.5 0.25
15 5.75 2.75 -3.25 8 2.75 -3.25 0.25 0 0
16 55 8.25 -3.75 55 8.5 -3.5 0 0.25 0.25
17 8.5 13.25 -8.75 8.25 12.5 -9.25 -0.25 -0.75 -0.5
18 8 23 -8 7.5 22.75 -8.5 -0.5 -0.25 -0.5
19 8 29.5 -7.25 8 29.25 -8.5 0 -0.25 -1.25
20 0.75 2 -2.75 0.75 2 -2.75 0 0 0
21 0.75 6.5 -2.5 0.75 6.5 -2.25 0 0 0.25
22 0.5 11.5 -4.5 0.5 11.25 -4.75 0 -0.25 -0.25
23 0.5 17 -4 0.5 16.75 -4.5 0 -0.25 -0.5
24 0.75 22 -3.75 0.75 21.5 -4.5 0 -0.5 -0.75
25 0.75 28.5 -3.25 0.75 28.25 -4.25 0 -0.25 -1
26 18.5 16.5 -8.75 18 15.75 -9 -0.5 -0.75 -0.25
27 18.5 25.5 -8.5 17.5 25 -7.5 -1 -0.5 1
28
29
30

\ NASHBOARD /

Figure E-3. Occupant Compartment Deformation Data - Set 1, Test TCBT-2
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VEHICLE PRE/POST CRUSH INFO

July 15, 2010

MwRSF Report No. TRP-03-208-10

Set-2
TEST: TCBT-2 Note: If impact Is on driver side need to
VEHICLE: 2003 Ram 1500 Q.C, 4x2 enter negative number for Y

POINT X Yf Z_ X Y'_ Z' DEL X DELY DEL Z
1 49.25 14.75 -0.75 49.25 14.75 -0.25 0 0 0.5
2 52 19 -2 51.75 18.75 -1.75 -0.25 -0.25 0.25
3 54.5 25.5 -2.5 52.5 23.75 0 -2 -1.75 25
4 52 31.75 -1.25 52.5 30 1 0.5 =175 2.25
5 42.75 10.25 -1.75 42.5 10.25 -1.5 -0.25 0 0.25
6 43.75 13.75 -3.25 43.5 13.5 -3 -0.25 -0.25 0.25
7 45 18.75 -5.5 44.75 17.75 -5.5 -0.25 -1 0
8 46.25 26.5 -7.5 44.5 25 -6 -1.75 -1.5 1.5
9 46.5 32.5 -7.25 44.75 31 -6 -1.75 -1.5 1.25
10 35 7.25 -3 35 7.25 -3 0 0 0
11 35.5 12 -7.25 35.5 11 -7.5 0 -1 -0.25
12 35.5 18.75 -9.5 35.5 17.75 -9.25 0 -1 0.25
13 36.5 27.25 -9.25 35.5 26.5 -8.25 -1 -0.75 1
14 37 32 -9 36.5 31.5 -8.5 -0.5 -0.5 0.5
15 28.75 5 -3.25 29 5 -3.25 0.25 0 0
16 28.5 10.5 -4.25 28.5 10.75 -4 0 0.25 0.25
17 31.5 15.5 -9.5 31.25 14.75 -9.75 -0.25 -0.75 -0.25
18 31 25.25 -9 30.5 25 -9.5 -0.5 -0.25 -0.5
19 31 31.75 -8.5 31 31.5 -9.5 0 -0.25 -1
20 23.75 4.25 -3 23.75 4.25 -2.75 0 0 0.25
21 23.75 8.75 -3 23.75 8.75 -2.75 0 0 0.25
22 23.5 13.75 -5.25 23.5 13.5 -5.5 0 -0.25 -0.25
23 23.5 19.25 -5 23.5 19 -5.5 0 -0.25 -0.5
24 23.75 24.25 -5 23.75 23.75 -5.5 0 -0.5 -0.5
25 23.75 30.75 -4.75 23.75 30.5 -5.75 0 -0.25 -1
26 415 18.75 -9.5 41 18 -9.25 -0.5 -0.75 0.25
27 41.5 27.75 -9.5° 40.5 27.25 -8 -1 -0.5 1.5
28 0 0 0
29
30

\ DASHEOARD /

DEBRK\

/|

Figure E-4. Occupant Compartment Deformation Data - Set 2, Test TCBT-2
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Oceu| itment Deformation ndax (0D

Test No. TCBT-2

Vehicle Type: 2003 Dodge Ram 1500

OCPI = XXABCOEFGH

XX = localion of occupant ent deformation

A= betv the hoard and & refe point at the rear of the occupant compatment, such as the top of the rear seal or the rear of the cab on a piclup

B = dislance bglween the roof and the floor panel

C = distance between a reference poinl af Ihe rear of the accupart compariment and the motor panel
D = distance between Ihe lower dashboard and the floor panel

E = Inlerior width

F = distance between the lower edge o.fdghl window and the upper edge of left window

G = distance belween the lower edge of left window and the upper edge of right window

H= distance between bottom front comar and lop rear comer of the passenger side window

I= distance between bottom front corner and fop rear comer of the driver side window

Sovarity Indices

0 - If the reduction is less than 3%

1 - i the reduction is greater than 3% end less than or equal to 10 %
2 - If Ihe reductian [s greater than 10% and fess than or equatio 20 %
3 - Iif the reduction s greaiec than 20% ant less than or squatto 30 %
4 - f the reduction is grealer than 30% and less than or squaito 40 %

m B2 gy
S e-al,2,3
{ b EL B £ |
&
,;\\ F‘iiam,e,a
(’ 1\ G )
D) | |

where,

1 = Passenger Side

2 = Middie

3 = Driver Side

Location:

Measurement| Pre-Test{in} |Post.Test [ln.ﬁch%e {in.)| % Direrence index |m: Maximum sevrity index for each variable (A4}
A N 56.28 .50 .87 Is used for determination of final OCDH value
Al 55.00 50.00 Eil .00
A 55.50 $5.00 -0.50 90
B1 44.00 44.00 0.00 0.00
B2 %725 42.00 025 059
63 46.00 47.00 00 X
(%] 6725 6725 G0 .00
€2 47.50 47.50 0.08 .00
C3 €425 61.76 250 -3.89
- 2350 KD 50—
D 13.25 13.25 .08 0.00
D 22.25 22.50 .25 1.12
s ke bbb 330 - g
EX 3475 63.25 -1.50 -2.32
F 50 56.75 8.28 <0.44
G .80 7.25 -0.2% 043
H 36.75 36.75 08 000
T 37.00 3780 00 000

Figure E-5. Occupant Compartment Deformation Index (OCDI), Test TCBT-2
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Date: 4/4/2008 Test Number: TCBT-1

Make: Dodge Model: Ram 1500 Q.C. Year: 2002

A

e, EQUAL
| ] DISTANCE
/
7{ —
/
| /
5 &'
REF *
in. (mm)
Distance from C.G. to reference line- L ggy: 11025  (2800)
‘Width of contact and induced crush - Field L: 39 o91)
Crush measurement spacing interval (L/S)-I: __ 7.8 a9s)
Distance from center of vehicle io center of Field L - Dy;: 195 {495)
Width of Contact Damage: 16 (406)
Distance from center of vehicle to center of contect damage-D ¢ 31 (187)
Crush Original Profile Dist. Between
Measurement Lat_eral Latadmm Measurement Ref. Lines el Crmh
in (mm) in. (mm) in. (mm) in. (mm) in (mm)
G 315 @5 1] 0 10.25  (260) 45  -(114) 2 -6l
C, ] 02) 78 (198) 10,4844 (266) 19844 -60)
G, 7 78) 156 (396) 116563 (296) 01563 -@)
C, 205  (521) 2354 (594) 133906  (34D) 116094 @295)
Cs NA  REHRRAH 312 (792) 16.8125 !42 7) RERRRRR RERGRER
Cg NA  HARRRAH 39 (991) 29 (737 RERRERR RRARRGER
Cax 205 (521) 234 (594) 13.3906  (340) 116094 (295)

Figure E-6. Exterior Vehicle Crush (NASS) - Front, Test TCBT-1
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Date: 4/23/2008 Test Number: TCBT-2
Make: Dodge Model: Ram 1500 Q.C. 2003
‘A
|
I I o
Cs T }
=— ‘ I, ‘ oy EQUAL
B £ S s A | ] DISTANCE
+ Dk 7 i o jf
~Fi fowe—— = __f i —
- Ce i - - - -;‘m-’-
. e 1 /
Foog,
' /
b o
Ly

in. (mm)

Distance from C.G. to reference line- L pgy: 109 (2769)

‘Width of contact and induced crush - Field L: _ 235 597)
Crush measurement spacing interval (L/S) - I: _ 4.7 a19)
Distance from center of vehicle to center of Field L - Dgy:  27.25 692)

‘Width of Contact Damage: 235 (597)
Distance from center of vehicle to center of contect damage-D .:  27.25 692)

Crush i Original Profile Dist. Between
Measurement fimiexcal Lecaiioix Measurement Ref. Lines

n (mm) in (mm) in (mm) in (mm)

C 8.5 (216) 155  (394) 11.6563  (296) -5 -A27)
C, 115 (292) 202 (513) 125 (318)
C; 23 (584) 249 {632) 13.9531 (354)
C, 29.15  (756) 206  (152) 15.9063 {404)
Cs NA  AiheaiR 343 @87 19.5938  {498)
Cs NA  #itnuny 39 (991) 29 {137
Chax 29.75  (756) 26 (752) 15.9063  (404)

Figure E-7. Exterior Vehicle Crush (NASS) - Front, Test TCBT-2
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Actual  Crush

in (mm)

184375 @47

T 102

Tiniey G50
188438 @79)

ARERRAR BRARROR
FRERHAR RRORRAR
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APPENDIX F

Accelerometer and Rate Transducer Data Analysis, Test No. TCBT-1
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Figure F-1. 10-ms Average Longitudinal Deceleration (EDR-3), Test No. TCBT-1
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Figure F-2. Longitudinal Occupant Impact Velocity (EDR-3), Test No. TCBT-1
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Longitudinal change in displacement - EDR-3
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Figure F-3. Longitudinal Occupant Displacement (EDR-3), Test No. TCBT-1
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Figure F-4. 10-ms Average Lateral Deceleration (EDR-3), Test No. TCBT-1
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Figure F-5. Lateral Occupant Impact Velocity (EDR-3), Test No. TCBT-1
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Figure F-6. Lateral Occupant Displacement (EDR-3), Test No. TCBT-1
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Yaw Angular Displacements
TCBT-1

-10 \

2 \

N

€91

Angular Displacements (deg)
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-35 \,\‘\'
-40
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| —— Film Angle

Figure F-7. Yaw Angular Displacements, Test No. TCBT-1
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APPENDIX G

Accelerometer and Rate Transducer Data Analysis, Test No. TCBT-2
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Figure G-1. 10-ms Average Longitudinal Deceleration (EDR-3), Test No. TCBT-2
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Figure G-2. Longitudinal Occupant Impact Velocity (EDR-3), Test No. TCBT-2
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Figure G-3. Longitudinal Occupant Displacement (EDR-3), Test No. TCBT-2
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Figure G-4. 10-ms Average Lateral Deceleration (EDR-3), Test No. TCBT-2
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Figure G-5. Lateral Occupant Impact Velocity (EDR-3), Test No. TCBT-2
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Lateral change in displacement - EDR-3
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Figure G-6. Lateral Occupant Displacement (EDR-3), Test No. TCBT-2
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Euler Angular Displacements
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Figure G-7. Graph of Roll, Pitch and Yaw Angular Displacements, Test No. TCBT-2
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