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CHAPTER 1: INTRODUCTION

1.1 BACKGROUND

This project provides the Texas Department of Transportation (TXDOT) with a
mechanism to quickly and effectively evaluate high-priority issues for roadside safety devices.
Roadside safety devices shield motorists from roadside hazards such as non-traversable terrain
and fixed objects. Some obstacles that cannot be moved out of the clear zone (e.g., mailboxes,
sign supports) are designed to break away. To maintain the desired level of safety for the
motoring public, these safety devices must be designed to accommodate various site conditions
and placement locations, and a changing vehicle fleet. Periodically, there is a need to assess the
compliance of existing safety devices with current vehicle testing criteria. Under this project,
roadside safety issues are identified and prioritized for investigation. Each roadside safety issue
is addressed with a separate work plan, and the results are summarized in an individual test
report.

1.2 RESEARCH PROBLEM STATEMENT

TxDOT requested assistance with the development of short-span short-radius guardrail
system suitable for use on roadways with perpendicular intersection such as driveway. The
device is intended to meet the evaluation criteria recommended in the American Association of
State Highway and Transportation Officials (AASHTO) Manual for Assessing Safety Hardware
(MASH) (1).

1.3 RESEARCH OBJECTIVES

This research task developed short-span short-radius guardrail system for use under
MASH TL-3 testing environments. The TXxDOT short-span short-radius guardrail system is
intended to meet MASH Test Level 3 (TL-3) evaluation criteria.

Reported herein are details of the short-span short-radius guardrail system, descriptions
of the tests performed, assessment of test results, and implementation recommendations.
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CHAPTER 2: PREDICTIVE SIMULATIONS

21 INTRODUCTION

The model of the short-radius guardrail system consists of a steel thrie-beam representing
the short radius system and four 700-Ib sand barrels placed on the inner side of the short radius.
The rail is supported by a rigid rotating anchor post on one end, and it is attached to a rigid
concrete parapet at the other end. Figure 2.1 shows an isometric view of the model. The model
includes a representation of ditch placed 5 ft offset from the thrie-beam on each side. The ditched
is sloped at 3H:1V starting at the 5-ft offset.

Figure 2.1. Isometric View of Short Radius Guardrail.

2.2  SIMULATION CASE #1: SMALL CAR—IMPACT ANGLE OF 15° WITH FOUR
SAND BARRELS

This simulation was meant to evaluate the tested short radius system under TXDOT
project 0-6711 but with a ditch on the field side as mentioned earlier. The impact angle was 15°
from the face of the parapet and, similar to the previous test, the impact point was at the nose of
the radius.

Figures 2.2 and 2.3 show that the short radius successfully contained the vehicle. The
hood sustained damage as shown in Figure 2.4, but the vehicle did not underride the rail.

TR No. 9-1002-15-9 3 2017-09-04



Figure 2.2. Small Car Impact with Four Barrel System Short Radius (Case #1).

Figure 2.3. Small Car Interaction with Short Radius during Impact (Case #1).
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Figure 2.4. Side View of Small Car after Collision (Case #1).

2.3  SIMULATION CASE #2: SMALL CAR—IMPACT ANGLE OF 25° WITH FOUR
SAND BARRELS

The impact angle for this simulation was 25° from the face of the parapet, and the impact
point was at the nose of the radius. This impact angle was chosen to check the system adequacy
to this impact angle that is used for redirecting impacts. Figure 2.5 shows that the short radius
with four barrels successfully contained the vehicle. However, Figures 2.6 and 2.7 indicate that
the there is a greater potential for the vehicle to under ride as compared the 15° impact angle
simulation in Case #1. Hence, an impact angle of 25° seems to be more critical for the short
radius with 3H:1V ditch than an impact angle of 15°.
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Figure 2.5. Photos from Simulation before and after Collision (Case #2).

Figure 2.6. Front View of Vehicle after Collision (Case #2).
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Figure 2.7. Side View of Vehicle after Collision (Case #2).

24  SIMULATION CASE #3: SMALL CAR—IMPACT ANGLE OF 25° WITH SIX
SAND BARRELS

This simulation represents a design solution to reduce the under-ride potential observed
in Case #2. The impact angle is 25° from the face of the parapet, but the number of barrels was
increased to six as a design change that is simple to implement since structural components of
the system were not changed.

Figure 2.8 shows the short radius with six sand barrels successfully contain the vehicle.
The increased number of sand barrels reduced the potential of underride of the rail as shown in
Figure 2.9. The hood buckled inward but did not interact with the windshield of the car as shown
in Figure 2.10.
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Figure 2.8. Photos from Simulation before and after Collision with Short Radius
(Case #3).

Figure 2.9. Front View of Vehicle after Collision (Case #3).
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Figure 2.101. Side View of Vehicle after Collision (Case #3).

2.5 SIMULATION CASE #4: LARGE TRUCK—IMPACT ANGLE OF 15° WITH
FOUR SAND BARRELS

This test was similar to Case #1 for the small car; the impact angle was 15° from the face
of the parapet and four sand barrels were used in the simulation.

Figure 2.11 shows that the short radius with four sand barrels successfully contained the
truck with no over-riding issues.
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Figure 2.11. Photos from Simulation before and after Collision (Case #4).

26  SIMULATION CASE #5: LARGE TRUCK—IMPACT ANGLE OF 25° WITH
FOUR SAND BARRELS

The impact angle for this simulation was 25° from the face of the parapet, and the impact
point was at the nose of the radius. Just like Case #2 for the small car, this impact angle was
chosen to check the system adequacy to this impact angle that is used for length of need or
redirecting type of impacts. Figure 2.12 shows that the short radius with four barrels successfully
contained the truck. It is worth noting from Figure 2.12 that there is a potential for the rear right
wheel of the truck to straddle the rail. This is not considered an adverse outcome since the truck
was safely contained and stable on the sloped terrain.
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Figure 2.12. Photos from Simulation before and after Collision with Short Radius
(Case #5).

2.7  SIMULATION CASE #6: LARGE TRUCK—IMPACT ANGLE OF 25° WITH SIX
SAND BARRELS

The impact angle for this simulation was 25° from the face of the parapet, and the impact
point was at the nose of the radius. Just like Case #3 for the small car, this simulation was
conducted to evaluation the effect of the additional barrels on the system performance.

Figure 2.13 shows that the short radius with six barrels successfully contained the truck. It is
worth noting from Figure 2.13 that there is a potential for the rear right wheel of the truck to
straddle the rail just like the simulation with four barrels in Case #5. This is not considered an
adverse outcome since the truck was safely contained and stable on the sloped terrain.
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Figure 2.13. Photos from Simulation before and after Collision (Case #6).

2.8 RECOMMENDATION FOR TESTING

The simulations conducted indicate that using 25° as an impact angle is more critical for
the small car than using 15°. The design was modified to address potential vehicle under ride by
adding two more barrels. The truck simulations indicated no sensitivity to the change in impact
angle. However, the rear wheel straddling the system was observed in cases where six barrels
were used in the design.

Hence, the recommendation for testing is to use the impact angle of 25° and change the
design to include six sand barrels instead of four.
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CHAPTER 3: DETAILS OF THE SHORT-SPAN SHORT-RADIUS
GUARDRAIL SYSTEM

3.1 TEST ARTICLE DESIGN AND CONSTRUCTION

3.1.1 General Details

Each test installation consisted of a 31-inch tall, thrie-beam short-radius guardrail system
constructed with the 27-ft-7%-inch long primary-road leg (as measured along the guardrail) that
transitioned to a section of bridge parapet, and an 18-ft-9-inch long secondary-road leg that
terminated with a rounded thrie-beam end section (RTE02a) that is attached a stiff pipe that can
rotate around the vertical axis. The curved 12-ft-6-inch (post-to-post) arc length thrie-beam
section (RTMO02a) was rolled to an 8-ft-4%-inch inside radius. The primary-road side thrie-beam
of the system was flared to the field side 4%° from the tangent line of the parapet face, and the
secondary-road side thrie-beam was perpendicular to the parapet face tangent. Six sand barrels
were strategically placed on the inboard, field side of the installation. A pit was constructed on
the field side of the installation. The upper edge of the pit was located 5 ft behind and parallel to
the inside of the guardrail. The pit was 18 ft wide x 6 ft deep with a 3:1 slope on the face. The
end anchor on the secondary roadway and the modified Breakaway Cable Terminal (BCT)
foundation tube were analyzed and designed to withstand expected loads due to vehicular
impact. The simulated parapet section was not designed for direct impact by a vehicle. Details of
the analysis process are shown in Appendix A. See Appendix B, Sheets 1, 2, and 3 for overall
installation details.

3.1.2 Guardrail

The spacing for posts 1 through 4 was 6 ft-3 inches. The spacing for posts 4 through 6
was 6 ft-3 inches as measured along the arc of the curved thrie-beam. The spacing for posts 6 to
7 was 6 ft-3 inches, and posts 7 to 10 were each spaced at 3 ft-1%2 inches. Posts 10 to 17 were
equally spaced at 1 ft-6% inches. Post 17 to the end face of the concrete parapet was
approximately 12% inches. See Appendix B, Sheet 3 for details.

Several sections comprised the guardrail. Beginning with a rounded thrie-beam end
section (RTE02a) attached to post 1, a 75-inch long thrie-beam anchor rail connected post 1 to
post 2. A standard thrie-beam, 8-space, 12 ft-6 inch span (RTMO08) connected posts 2, 3, and 4.
Posts 4, 5, and 6 supported the aforementioned curved 12 ft-6 inch (post-to-post) arc length
curved thrie-beam section (RTMO02a). Another 75-inch long thrie-beam anchor rail spanned
between posts 6 and 7. A 9 ft-4% inch long thrie-beam section spanned between post 7 and post
10, and a doubled 12 ft-6 inch long thrie-beam section spanned between post 10 and post 17 and
the parapet (i.e., two sections of thrie-beam were nested one within the other). At post 10, the
upstream thrie-beam section was sandwiched between the nested double thrie-beams on the
traffic side, and all three layers were bolted to post 10. Finally, a thrie-beam terminal connector
(RTEO1b) completed the transition from the guardrail to the parapet. All guardrail sections were
galvanized standard 12-gauge material.

Post 1 at the thrie-beam end section was comprised of an 8-inch schedule 80 pipe
(8%-inch OD, ¥2-inch wall) installed in a 10-inch square tube socket (hollow structural shape
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[HSS] 10x10x%2-inch wall A500 Grade B) embedded in a concrete foundation. The post was

80 inches tall with a 10-inch x 10-inch x ¥2-inch thick ASTM A36 square support collar welded
to it at 21% inches below the top. The post was inserted into the 72-inch long square tube, and its
support collar rested on top of the square tube, which was 9% inches above grade. Thus, the top
of the post was 31% inches above grade. The square tube was void of concrete and included a
9¥%s-inch square plate on the bottom. See Appendix B, Sheets 8, 15, and 16 for post 1 details.

Post 1’s square tube socket was embedded 62% inches deep into a 96-inch deep x 30-inch
diameter steel reinforced concrete foundation. The foundation contained a concentric 24-inch
diameter reinforcing bar cage. The rebar cage was fabricated using eight 24-inch diameter #3
(34-inch) rings vertically spaced at 12 inches, and eight 91-inch long #5 (3s-inch) vertical bars.
The vertical bars were equally spaced circumferentially inside the rings. Concrete cover over
rebar at the top of the foundation was 2 inches, and the top of the foundation was at grade level.
See Attachment B, Sheet 8 of 22 for details.

Post 1 was connected to the thrie-beam anchor rail with two sets of BCT anchor cable
assemblies (FCAO1), guardrail anchor brackets (FPAO1), and eight associated ¥s-inch diameter x
2-inch long A307 grade 5 hex bolts, washers, and recessed guardrail nuts. Each of the two
%-inch (6%19) galvanized wire rope anchor cables was 6 ft-6% inches end to end, inclusive of
terminal fittings. Each termination consisted of a standard swaged fitting with a 1-inch diameter
threaded stud, washer, and nut; the swage was specified to exceed the breaking strength of the
wire rope. The upstream ends of the anchor cables were inserted through post 1 via two sets of
holes on 7%-inch vertical centerlines in the post: two 1%-inch diameter holes on the downstream
or swage side, and two 1%s-inch diameter holes on the upstream or threaded side. The swage stud
nuts were tightened such that all slack was removed from the cable. See Appendix B, Sheets 7
and 15 for details.

Post 2 was a modified BCT timber post (PDF01) 5% inches x 7% inches x 48Y4 inches
long. A 2%-inch diameter weakening hole was located 30%-inches from the top near grade. A
7%-inch diameter hole was located 33%s-inches from the top through which to install a strut bolt as
described below. Post 2’s foundation tube was a 6-inch x 8-inch x */1¢-inch thick ASTM A500
grade B steel HSS structural tube (PTEO5), 72 inches long and embedded approximately
70 inches deep into drilled holes with compacted standard soil as per MASH. Two 3/16-inch
diameter holes were located 1-inch below the top of the tube (centered in the lateral direction) to
secure the timber post in the tube and accommodate the strut bolt.

The tube socket of post 1 and the foundation tube of post 2 were joined at grade level
with two C4x7.25 ASTM A36 channel struts (1 field side, 1 traffic side; legs outward), each 71%2
inches long. A strut bracket made of C8%x11.5 ASTM A36 channel, 4 inches long, was bolted
with two %2 x 1%-inch A307 grade 5 hex bolts and nuts to the downstream face of the tube
socket. The ends of the struts were bolted to the strut bracket and the foundation tube and post
with one % x 10-inch A307 grade 5 hex bolt and nut on each end. See Appendix B, Sheets 7 and
20 for details.

Post 3 was a modified CRT timber post (PDE09) 6 inches x 8 inches x 72 inches long.

Two 3%2-inch diameter weakening holes were located at 32 inches (grade level) and 442 inches
below the top. The guardrail was attached to post 3 via a 6-inch x 8-inch x 22-inch tall thrie-
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beam timber blockout (PDB02a) and two % x 18-inch guardrail bolts (FBB04) and recessed
guardrail nuts. Post 3 was installed 40 inches deep into a drilled hole with compacted standard
soil as per MASH without a foundation tube.

Post 4 was a modified BCT timber post (PDF01) 5% inches x 7% inches x 484 inches
long. A 2%-inch diameter weakening hole was located 30% inches from the top near grade. A
7%-inch diameter hole was located 33%4 inches from the top through which to install a s-inch x
10-inch A307 Grade 5 hex bolt, flat washer, and recessed guardrail nut that secured the post in
the foundation tube. Post 4’s foundation tube was a 6-inch x 8-inch x 3/1¢-inch thick ASTM
A500 grade B steel HSS structural tube (PTEOQ5), 72 inches long and embedded approximately
70 inches deep into a drilled hole with compacted strong soil as per MASH. Two *¥/36-inch
diameter holes were located 1-inch below the top of the tube (centered in the lateral direction) to
secure the timber post in the tube as described above. The guardrail was attached to post 4 via a
thrie-beam timber blockout (PDB02a) and two % x 18-inch guardrail bolts (FBB04) and recessed
guardrail nuts.

Post 5 was also a modified BCT timber post (PDFO1). The guardrail was attached
directly to post 5 (i.e., no blockout) with two ¥-inch x 10-inch guardrail bolts (FBB03) and
recessed guardrail nuts. Post 5’s foundation tube was similar to that of post 4, but was fitted with
an anchor cable bearing saddle made from half of a 4-inch schedule 40 pipe (4% inches OD x
0.2375 inch wall thickness). This saddle was welded (U-side up) to, and protruded 2 inches from,
the external traffic side of the foundation tube. See Appendix B, Sheet 21 for details.

Post 6 was also a modified BCT timber post (PDFO01). Like post 4, the guardrail was
attached to post 6 via a thrie-beam timber blockout (PDB02a) and two %-inch x 18-inch
guardrail bolts (FBB04) and recessed guardrail nuts. Post 6’s foundation tube was similar to that
of post 5, but the anchor cable bearing saddle was located on the field side of the tube. See
Appendix B, Sheet 21 for details.

Posts 7 and 8 (like post 3) were modified CRT timber posts (PDE09) 6 inches x 8 inches
x 72 inches long. Two 3%-inch diameter weakening holes were located at 32 inches (grade level)
and 44%: inches from the top. The guardrail was attached to each of posts 7 and 8 via a 6-inch x
8-inch x 22-inch tall thrie-beam timber blockout (PDB02a) and two % x 18-inch guardrail bolts
(FBBO04) and recessed guardrail nuts. Posts 7 and 8 were installed 40 inches deep into a drilled
hole with compacted strong soil as per MASH without a foundation tube.

Posts 9, 10, and 11 were W6x8.5 wide flange guardrail posts (PWEO1), 72 inches long.
The guardrail was attached to each of these posts via a W-beam timber routered blockout
(6 inches x 8 inches x 14 inches tall; with a 4%-inch wide x %-inch deep relief, PDB01b) and
two ¥s-inch x 10-inch guardrail bolts (FBB03) and recessed guardrail nuts. Posts 9, 10, and 11
were installed 40 inches into a drilled hole with compacted strong soil as per MASH. See
Appendix B, Sheets 5 and 19 for details.

Posts 12 through 17 were W6x8.5 wide flange guardrail posts (PWEOQ7), 84 inches long.
The guardrail was attached to each of posts 12 through 17 via a thrie-beam timber routered
blockout (6 inches x 8 inches x 18 inches tall; with a 4%2-inch wide x %-inch deep relief, similar
to a PDB02) and two %-inch x 10-inch guardrail bolts (FBB03) and recessed guardrail nuts.
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Posts 12 through 17 were installed 52 inches deep into a drilled hole with compacted strong soil
as per MASH. Of special note is that the thrie-beam guardrail was intentionally not bolted to
posts 12 and 13 and their blockouts. The blockouts were, however, bolted to their respective
posts. See Appendix B, Sheets 5 and 19 for details.

A thrie-beam terminal connector (RTEO1b) was used to connect and transition the thrie-
beam to the parapet. Five A325 7&-inch diameter hex bolts, nuts, and 1%-inch OD hardened flat
washers secured the connector to the parapet: three 14-inch long bolts in the upper, wider part of
the parapet, and two 12-inch long bolts in the lower, narrower part of the parapet. The terminal
connector and doubled thrie beam were joined with 12 sets of %-inch diameter x 2-inch long
guardrail bolts (FBB02), rectangular washers (FWRO03), and recessed guardrail nuts. See
Appendix B, Sheet 4 for details.

An anchor cable attached at post 4, wove around post 5 on the traffic side and around
post 6 on the field side using the anchor cable U-shaped bearing saddles installed near grade on
the foundation tubes, and terminated on the thrie-beam near post 7. The %-inch (6x19; or IWRC;
AASHTO M-30; 46 kips min.) galvanized wire rope measured 18 ft-5 inches end to end,
inclusive of terminal fittings. Each termination consisted of a standard swaged fitting with a
1-inch diameter threaded stud, washer, and nut; the swage was specified to exceed the breaking
strength of the wire rope. The post 4 weakening hole at grade contained a 2-inch schedule 40
(0.1535-inch wall thickness) BCT post sleeve (FMMO02a) through which one terminal end of the
anchor cable was secured via a 8-inch x 8-inch x %-inch thick BCT bearing plate (FPBO01), flat
washer, and nut. The opposite end of the anchor cable was secured to the lower field side
involute of the thrie-beam with a guardrail anchor bracket (FPA0L). The swage stud nuts were
tightened such that all slack was removed from the cable. See Appendix B, Sheets 4, 6, and 22
for details.

3.1.3 Concrete Parapet

For previous short-radius guardrail tests, a reinforced concrete bridge parapet was
constructed by adding on to the existing concrete runway apron, and was used for these tests.
The parapet base tapered from 60 to 567 inches wide at the guardrail attachment end (yielding a
2° offset angle) and was 8 ft long, 18 inches thick, and constructed of steel reinforced TXxDOT
Class C concrete with a minimum specified strength of 3600 psi. All reinforcing steel was
ASTM Grade 60, and unions of longitudinal, traverse, and vertical rebar were wire-tied on site.
See Appendix B, Sheets 9 through 14 for details.

The parapet itself was 32 inches tall with a smooth vertical traffic side face and a stepped
field side face. Its profile was 10% inches wide at the base and transitioned with a 1%2-inch
chamfer to a 12-inch wide top portion beginning 18% inches above grade. Exposed edges were
chamfered % inch. The traffic side face conformed to the 2° offset and was 24 inches from the
edge of the runway on the upstream end, and 20% inches from the edge of the runway on the
guardrail end. On the traffic side, the width of the parapet tapered from 12 inches to 10 inches
over the final 12 inches on the guardrail attachment end. Five 1-inch diameter holes were cast
into the parapet at the time of the concrete pour to accommodate the thrie-beam terminal
connector. See Appendix B, Sheet 9 for details.
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Reinforcement in the parapet consisted of sixteen Y2-inch nominal diameter reinforcing
steel (#4 rebar) S-bars longitudinally spaced on 6-inch longitudinal centers and four 82-inch long
#4 bent bars vertically spaced on 8-inch centers on the traffic side, and four 93-inch long #4
straight bars vertically spaced on 8-inch centers on the field side. The parapet was tied to the
base with fifteen Y2-inch nominal diameter reinforcing steel (#4 rebar) U-bars longitudinally
spaced on 6-inch centers. Each 25%-inch tall U-bar extended from the bottom base mat to
10 inches into the lower portion of the parapet.

The base was secured to the runway apron with six ¥z-inch diameter (#5 rebar) x 24-inch
long tie bars located on 16-inch horizontal centers. The tie bars were approximately 3 inches
below the top surface, embedded 6 inches deep into holes drilled horizontally into the edge of the
apron, and secured with Hilti RE200-A epoxy. See Appendix B, Sheet 11 for details.

Reinforcement in the base consisted of two mats of ¥s-inch nominal diameter reinforcing
steel (#5 rebar) located approximately 1% inches and 15 inches below the upper surface of the
base. The upper mat rested on the new tie bars installed in the edge of the apron. The fifteen
53-inch long upper transverse bars were spaced on 6-inch centers and joined with seven 90-inch
long longitudinal bars on 8-inch centers. The eight 53-inch lower transverse bars were spaced on
12-inch centers and joined with five 90-inch longitudinal bars on 12-inch centers. Five U-shaped
support bars spaced on 18-inch centers provided structure and continuity between the upper and
lower mats on the field side of the base.

3.1.4 Sand Barrels

Six sand barrels (Energy Absorption Systems, Inc. “ENERGITE III” Model 640 barrel
and 320 cone with lid) weighing 700 Ib each were strategically placed on the field side of the
thrie-beam. The distances from each barrel’s outer shell to the back side of the rail at posts 3, 5,
7, 8, and 9 were approximately 13, 13, 8%, 10, 13%, and 16%-inches, respectively. See
Attachment B, Sheet 3 of 22 for placement geometry.

Figure 3.1 shows details of the test installation. Figure 3.2 presents photographs of the
completed test installation. Further details may be found in Appendix A.

3.2 MATERIAL SPECIFICATIONS

Appendix B provides material certification documents for the materials used to
install/construct the short-span short-radius guardrail system.

3.3  SOIL CONDITIONS

The test installation was installed in standard soil meeting AASHTO standard
specifications for “Materials for Aggregate and Soil Aggregate Subbase, Base and Surface
Courses,” designated M147-65(2004), grading B.
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Figure 3.2. TXDOT Short-Span Short-Radius Guardrail System before Test No. 490026-3-1.

In accordance with Appendix B of MASH, soil strength was measured the day of the
crash test. During installation of the short-span short-radius guardrail system for full-scale crash
testing, two standard W6x16 posts were installed in the immediate vicinity of the TXDOT short-
span short-radius guardrail systems, using the same fill materials and installation procedures
used in the standard dynamic test was performed (see Table C.1 in Appendix C for establishment
minimum soil strength properties in the dynamic test performed in accordance with MASH
Appendix B). As determined in the tests shown in Appendix C, Table C.1, the minimum post
load required for deflections at 5 inches, 10 inches, and 15 inches, measured at a height of
25 inches, is 3940 Ib, 5500 Ib, and 6540 Ib, respectively (90 percent of static load for the initial
standard installation).
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On the day of Test No. 490026-3-1, August 9, 2016, load on the post at deflections of
5 inches, 10 inches, and 15 inches was 10,404 Ibf, 11,515 Ibf, and 12,727 Ibf, respectively.
Table C.2 in Appendix C shows the strength of the backfill material in which the TxDOT short-
span short-radius guardrail system was installed met minimum requirements.

On the day of Test No. 490026-3-2, August 11, 2016, load on the post at deflections of
5 inches, 10 inches, and 15 inches was 10,151 Ibf, 11,060 Ibf, and 11,969 Ibf, respectively.
Table C.3 in Appendix C shows the strength of the backfill material in which the TxDOT short-
span short-radius guardrail system was installed met minimum requirements.
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4.1

CHAPTER 4: TEST REQUIREMENTS AND EVALUATION CRITERIA

CRASH TEST MATRIX

Table 4.1 shows the test conditions and evaluation criteria for terminals and redirective
crash cushions under MASH Test Level 3. The impact performance of the short-radius guardrail
system was evaluated using modified MASH Tests 3-32 and 3-33 for non-gating terminals.
Researchers believe a 25° impact angle (measured tangent with the traffic face of the concrete
parapet) would be more critical in determining the performance of the short radius guardrail
system, so the target critical impact angle (CI1A) was selected to be 25°. The target CIP for each
test was determined according to the information provided in MASH and is shown in Figures 4.1

and 4.2.

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

Table 4.1. Test Conditions and Evaluation Criteria Specified for MASH TL-3

Terminals.
Impact Conditions | Evaluation Criteria
Test Article | Test Designation | Test Vehicle | Speed Angle . Non-
. Gating .
(mi/h) | (degrees) Gating
3-30 1100C 62 0 C,D,FH,IN | ADFH,I
3-31 2270P 62 0 C,D,FH,IIN | ADFH,I
3-32 1100C 62 CIA5-15 | C,D,FH,ILN | AD,FH,I
Terminals 3-33 2270P 62 CIA5-15 | C,D,F,H,ILN | AD,FH,I
z_;md ) 3-34 1100C 62 15 C,D,FH,IIN | ADFH,I
Redirective
Crash 3-35 2270P 62 25 C,D,FH,IN | ADFH,I
Cushions 3-36 2270P 62 25 | CD,FH,IN | ADFH,
3-37a 2270P
62 25 C,D,FH,IIN | ADFH,I
3-37b 1100C
3-38 1500A 62 0 C,D,FH,IN | ADFH,I
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Figure 4.1. Target CIP for Modified MASH Test 3-33 on the Short-Radius Guardrail

System.
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Figure 4.2. Target CIP for Modified MASH Test 3-32 on the TxDOT Short-Radius
Guardrail System.

42 EVALUATION CRITERIA

The appropriate safety evaluation criteria from Tables 2-3 and 5-1A through 5-1C of
MASH were used to evaluate the crash tests reported herein. The test conditions and evaluation
criteria required for MASH Tests 3-32 and 3-33 are listed in Table 4.1, and the substance of the
evaluation criteria in Table 4.2. An evaluation of the crash test results is presented in detail under
the section Assessment of Test Results.
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Table 4.2. Evaluation Criteria Required for MASH TL-3 Non-Gating Terminals.

Evaluation
Factors

Evaluation Criteria

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.

Detached elements, fragments, or other debris from the test article should not
penetrate or show potential for penetrating the occupant compartment, or present
undue hazard to other traffic, pedestrians, or personnel in a work zone.

Deformations of, or intrusions into, the occupant compartment should not exceed
limits set forth in Section 5.2.2 and Appendix E of MASH.

Occupant
Risk

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

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

The occupant ridedown accelerations should satisfy the following: Preferred value
of 15.0 g, or maximum allowable value of 20.49 g.
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CHAPTER 5: TEST CONDITIONS

5.1  TEST FACILITY

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

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

52 VEHICLE TOW AND GUIDANCE SYSTEM

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

5.3 DATA ACQUISITION SYSTEMS

5.3.1 Vehicle Instrumentation and Data Processing

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

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

TRAP uses the data from the TDAS Pro to compute occupant/compartment impact
velocities, time of occupant/compartment impact after vehicle impact, and the highest
10-millisecond (ms) average ridedown acceleration. TRAP calculates change in vehicle velocity
at the end of a given impulse period. In addition, maximum average accelerations over 50-ms
intervals in each of the three directions are computed. For reporting purposes, the data from the
vehicle-mounted accelerometers are filtered with a 60-Hz low-pass digital filter, and acceleration
versus time curves for the longitudinal, lateral, and vertical directions are plotted using TRAP.

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

5.3.2 Anthropomorphic Dummy Instrumentation

An Alderson Research Laboratories Hybrid 11, 50™" percentile male anthropomorphic
dummy, restrained with lap and shoulder belts, was placed in the driver’s position of the 1100C
test vehicles. The dummy was uninstrumented.

According to MASH, use of a dummy in the 2270P vehicle is optional. No dummy was
used in the 2270P vehicle.
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5.3.3 Photographic Instrumentation and Data Processing

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

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

e One placed behind the installation at an angle.

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

A flashbulb on the impacting vehicle was activated by a pressure-sensitive tape switch to
indicate the instant of contact with the short-span short-radius guardrail system. The flashbulb
was visible from each camera. The videos from these high-speed cameras were analyzed to
observe phenomena occurring during the collision and to obtain time-event, displacement, and
angular data. A mini-digital video camera and still cameras recorded and documented conditions
of each test vehicle and the installation before and after the test.
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CHAPTER 6: CRASH TEST NO. 490026-3-1 ON THE SHORT-SPAN
SHORT-RADIUS GUARDRAIL

6.1 TEST DESIGNATION AND ACTUAL IMPACT CONDITIONS

MASH Test 3-33 involves a 2270P vehicle weighing 5000 Ib +110 Ib and impacting the
short radius guardrail system at an impact speed of 62 mi/h £2.5 mi/h and a CIA of 5-15° +1.5°.
Researchers believe a 25° impact angle (measured tangent with the traffic face of the concrete
parapet) would be more critical in determining the performance of the short radius guardrail
system, so the target CIA was selected to be 25°. The target CIP was the vehicle centerline
aligned with the centerline of the nose of the radius.

The 2010 Dodge RAM 1500 pickup truck used in the test weighed 5036 Ib. The actual
impact speed and angle were 62.4 mi/h and 25.0°, respectively. The actual impact point was
vehicle centerline with the centerline of the nose of the radius. Minimum kinetic energy (KE)
allowed for MASH Test 3-33 is 594 kip-ft, and actual KE was 656 kip-ft.

6.2 TEST VEHICLE

Figures 6.1 and 6.2 show the 2012 Dodge RAM 1500 pickup truck used for the crash test.
Test inertia weight of the vehicle was 5036 Ib, and its gross static weight was 5036 Ib. The height
to the lower edge of the vehicle bumper was 11.75 inches, and the height to the upper edge of the
bumper was 26.0 inches. The height to the center of gravity of the vehicle was 28.6 inches.
Tables D.1 and D.2 in Appendix D.1 gives additional dimensions and information on the vehicle.
The vehicle was directed into the installation using a cable reverse tow and guidance system, and
was released to be freewheeling and unrestrained just prior to impact.

Figure 6.1. TXDOT Short-Span Short-Radius Guardrail System/Test Vehicle Geometrics
for Test No. 490026-3-1.
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Figure 6.2. Test Vehicle before Test No. 490026-3-1.

6.3 WEATHER CONDITIONS

The test was performed on the morning of August 9, 2016. Weather conditions at the
time of testing were as follows: (a) wind speed: 6 mi/h; (b) wind direction: 209° with respect to
the vehicle (vehicle was traveling in a northwesterly direction); (c) temperature: 90°F;

(d) relative humidity: 64 percent.

6.4 TEST DESCRIPTION

As the 2010 Dodge RAM 1500 pickup truck was traveling at an impact speed of
62.4 mi/h, the centerline of the vehicle contacted the centerline of the nose at an impact angle of
25.0°. Table 6.1 lists times and significant events that occurred during Test No. 490026-3-1.
Brakes on the vehicle were not applied. At 2.270 s, the vehicle came to rest on the field side of
the concrete parapet 13 ft upstream of the concrete parapet. Figures D.1 and D.2 in Appendix
D.2 show sequential photographs of the test period.

6.5 DAMAGE TO TEST INSTALLATION

Figures 6.3 shows the damage to the short-span short-radius guardrail system. The
guardrail element rotated approximately 70° at post 1, and posts 2 through 8 ruptured at the
weakening holes at grade. Posts 9, 10, 11, and 12 were leaning downstream and toward the field
side 45°, 80°, 10°, and 8°, respectively. Post 13 displaced 0.25 inch toward the field side.

6.6 DAMAGE TO TEST VEHICLE

Figure 6.4 shows damage to the exterior of the vehicle, and Figure 6.5 shows the interior
of the vehicle after the test. The front bumper, hood, grill, radiator and fan, radiator support, right
and left front fenders, and the right front tire and rim were damaged. Maximum exterior crush to
the vehicle was 12.25 inches in the front plane just to the right of centerline of the vehicle at
bumper height. No occupant compartment deformation or intrusion occurred. Tables D.2 and D.3
in Appendix D.1 provide exterior crush and occupant compartment measurements, respectively.
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Table 6.1. Events during Test No. 490027-3-1.

TIME (s) | EVENT
0.003 | Post 5 begins to deflect toward the field side
0.011 | Post 5 ruptures at the weakening holes at grade
0.012 | Post 4 begins to deflect to the left and towards the field side
0.017 | Thrie-beam guardrail element begins to deform around post 4
0.020 | Vehicle contacts barrel 3
0.022 | Post 5 completes rupture at the weakening holes at grade
Guardrail element begins to deform around post 3 and post 4 begins to
0.042
rupture at the cable bolt hole near grade
0.045 | Vehicle begins to yaw counterclockwise
0.067 Post 4 completes rupture
0.082 | Guardrail element contacts barrel 2
0.104 Post 3 begins to deflect toward the field side and the guardrail element
' begins to deform around post 7
0.108 | Post 2 begins to deflect toward the field side
0.128 | Guardrail element contacts barrels 4
0.167 | Guardrail element contacts barrel 1
0.190 Post 3 ruptures at grade
0.200 | Guardrail element deforms around post 8
0.208 | Guardrail element and barrel 4 contacts barrel 5
0.244 | Post 2 begins to rupture immediately above the ground strut
0.272 | Guardrail element develops a bend between post 9 and 10
0.273 | Barrel 5 contacts barrel 6
0.289 Post 2 completes rupture
0.426 | Guardrail deforms around posts 10
0.507 | Guardrail deforms around posts 11
0.575 | Guardrail deforms around posts 12
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Figure 6.3. TXDOT Short-Span Short-Radius Guardrail System after Test No. 490026-3-1.
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Damage to roof occurred when pulling vehicle out of system

Figure 6.4. Vehicle after Test No. 490026-3-1.

Damage to roof occurred

Figure 6.5. Interior of Vehicle after Test No. 490026-3-1.

6.7 OCCUPANT RISK FACTORS

Data from the accelerometer, located at the vehicle center of gravity, were digitized for
evaluation of occupant risk and are shown in Table 6.2. Figure 6.6 summarizes these data and
other pertinent information from the test. Figure D.2 in Appendix D.3 shows the vehicle
angular displacements, and Figures D.3 through D.8 in Appendix D.4 show accelerations
versus time traces.
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Table 6.2. Occupant Risk Factors for Test No. 490027-3-1.

Occupant Risk Factor Value Time
Impact Velocity
Longitudinal - 23.6 ft/s at 0.1368 s on front of interior
Lateral |6.9 ft/s
Ridedown Accelerations
Longitudinal |6.3g 0.1378-0.1478 s
Lateral |5.09 0.5547-0.5647 s
THIV 27.8 km/h at 0.1374 s on front of interior
7.7m/s
PHD |75¢g 0.1374-0.1474 s
ASI  ]0.83 0.0376-0.0876 s
Maximum 50-ms Moving Average
Longitudinal |-9.2 g 0.0152-0.0652 s
Lateral |-4.2¢g 0.0996-0.1496 s
Vertical |25¢g 0.1408-0.1908 s
Maximum Roll, Pitch, and Yaw Angles
Roll |28.5° 0.9893 s
Pitch |25.3° 1.0633's
Yaw |84.8° 2.0000 s
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CHAPTER 7: CRASH TEST NO. 490026-3-2 ON THE SHORT-SPAN
SHORT-RADIUS GUARDRAIL

7.1  TEST DESIGNATION AND ACTUAL IMPACT CONDITIONS

MASH Test 3-32 involves an 1100C passenger car weighing 2420 Ib £55 Ib impacting the
support structure at an impact speed of 62 mi/h £2.5 mi/h and a CIA of 5-15° £1.5°. The
researchers believe a 25° impact angle (measured tangent with the traffic face of the concrete
parapet) would be more critical in determining the performance of the short radius guardrail
system; therefore, the target CIA was selected to be 25°. The target impact point was the vehicle
centerline aligned with the centerline of the radius of the system.

The 2011 Kia Rio used in the test weighed 2453 Ib, and the actual impact speed and angle
were 63.8 mi/h and 24.9°. The actual impact point was centerline of the vehicle aligned with the
centerline of the radius. Minimum KE allowed for MASH Test 3-32 is 288 kip-ft, and actual KE
was 334 kip-ft.

7.2  TEST VEHICLE

Figures 7.1 and 7.2 show the 2011 Kia Rio used for the crash test. Test inertia weight of
the vehicle was 2453 Ib, and its gross static weight was 2618 Ib. The height to the lower edge of
the vehicle bumper was 8.0 inches, and the height to the upper edge of the bumper was
21.25 inches. Table E.1 in Appendix E.1 gives additional dimensions and information on the
vehicle. The vehicle was directed into the installation using a cable reverse tow and guidance
system, and was released to be freewheeling and unrestrained just prior to impact.

— =

Figure 7.1. TXxDOT Short-Span Short-Radius Guardrail System/Test Vehicle Geometrics
for Test No. 490026-3-2.
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Figure 7.2. Test Vehicle before Test No. 490026-3-2.

7.3  WEATHER CONDITIONS

The test was performed on the afternoon of August 11, 2016. Weather conditions at the
time of testing were as follows: (a) wind speed: 4 mi/h; (b) wind direction: 183° (vehicle was
traveling in a southerly direction); (c) temperature: 100°F; (d) relative humidity: 46 percent.

7.4  TEST DESCRIPTION

The 2011 Kia Rio, traveling at an impact speed of 63.8 mi/h, impacted the short-span
short-radius at 24.9° with the centerline of the vehicle aligned with the centerline of the radius.
Table 7.1 lists times and significant events that occurred during Test No. 490026-3-2. Brakes on
the vehicle were not applied. At 1.700 s, the vehicle came to rest 21 ft upstream of the parapet
and 18 ft toward the field side. Figure E.1 in Appendix E.2 shows sequential photographs of the
test period.

7.5 DAMAGE TO TEST INSTALLATION

Figure 7.3 shows the damage to the short-span short-radius guardrail. Post 2 was leaning
toward the field side 5°, but did not rupture. Posts 3 through 8 ruptured at the weakening holes at
grade, and post 9 rotated counterclockwise 5°.

76 VEHICLE DAMAGE

Figure 7.4 shows damage to the exterior of the vehicle, and Figure 7.5 shows the interior
of the vehicle after the test. The front bumper, hood, radiator and support, right and left front
doors, right and left front fenders, and left and right front doors were damaged. The windshield
had stress cracks radiating from the lower right corner along the A-pillar. Maximum exterior
crush was 10.0 inches just left of the centerline of the front of the vehicle at bumper height. No
occupant compartment deformation or intrusion occurred. Tables E.2 and E.3 in Appendix E.1
provide exterior crush and occupant compartment measurements, respectively.
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Table 7.1. Events during Test No. 490027-3-2.

TIME (s) | EVENT
0.004 | Post 5 began to deflect toward the field side
0.006 | Thrie-beam guardrail element began to deform around post 4
0.017 | Post 4 began to displace to the left and deflect toward the field side
0.022 | Vehicle contacts barrel 3 and post 5 ruptures at weakening holes at grade
0.033 | Vehicle began to yaw counterclockwise
0.038 | Post 4 began to rupture at the cable bolt hole near grade
0.041 | Post 3 begins to rise upward from ground and deflect toward field side
0.054 Gua;rdrail element develops a bend at post 3 and begins to deform around

pos

0.070 | Post 4 ruptured through

0.100 | Guardrail element contacted barrel 2

0.103 | Post 4 contacted the ground surface

0.112 | Guardrail element began to wrap around post 7 and barrel 4

0.113 | Ground cable and bearing plate separated from post 4

0.120 | Post 6 ruptured through at the weakening holes at grade

0.123 | Guardrail element contacted barrel 4

0.125 | Post 2 began to deflect toward the field side

0.160 Ground cable and bearing plate from post 4 contacted the driver side

' door of the vehicle

0.240 | Guardrail element developed a bend between post 2 and 3

0.258 | Guardrail element contacted barrel 1

0.268 | Guardrail element developed a kink at the bolt holes at post 8

0.314 | Barrel 5 contacted barrel 6

0.405 Post 8 ryptured at the wgakening holeg at gr_ade and the vehicle and

' guardrail began to drag it toward the field side

0.413 | Guardrail element began to deform around post 9

0.445 | Guardrail developed a kink at the bolt holes at post 9
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Figure 7.3. TXDOT Short-Spén ’Short-Radius Guardraii Sysfem after
Test No. 490026-3-2.
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Figure 7.5. Interior of Vehicle after Test No. 490026-3-2.

7.7  OCCUPANT RISK FACTORS

Data from the accelerometer, located at the vehicle center of gravity, were digitized for
evaluation of occupant risk and are shown in Table 7.2. Figure 7.6 summarizes these data and
other pertinent information from the test. Figure C.2 in Appendix C.3 shows the vehicle angular
displacements, and Figures C.3 through C.8 in Appendix C.4 show accelerations versus time
traces.
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Table 7.2. Occupant Risk Factors for Test No. 490026-3-2.

Occupant Risk Factor Value Time
Impact Velocity
Longitudinal - 34.4 ft/s at 0.1017 s on front of interior
Lateral |4.3 ft/s
Ridedown Accelerations
Longitudinal |6.69 0.1132-0.1232 s
Lateral [10.1¢g 0.1375-0.1475s
THIV 38.1 km/h at 0.1022 s on front of interior
10.6 m/s
PHD |11.2¢ 0.1373-0.1473 s
ASI [1.26 0.0424-0.0924 s
Maximum 50-ms Moving Average
Longitudinal |-14.4¢g 0.0149-0.0649 s
Lateral |-6.4¢g 0.1274-0.1774 s
Vertical [-3.4¢g 0.0555-0.1055 s
Maximum Roll, Pitch, and Yaw Angles
Roll |8.5° 0.8052 s
Pitch |17.7° 0.8022 s
Yaw |40.4° 0.8646 s
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CHAPTER 8: SUMMARY AND CONCLUSIONS

Under this project, crash tests were performed following MASH guidelines and
procedures to assess the impact performance of short-span short-radius guardrail system. A
summary of the results is presented below.

8.1 SUMMARY OF RESULTS

8.1.1 Modified MASH Test 3-33 — Crash Test No. 490026-3-1

The Short-Span Short-Radius Guardrail System contained the 2270P vehicle that came to
a controlled stop on the field side of the installation. Maximum dynamic deflection of the curved
guardrail element during the test was 25.3 ft. Several posts fractured at ground level, however,
none of these penetrated or showed potential for penetrating the occupant compartment. The
posts rode along with the vehicle and did not present hazard to others in the area. No occupant
compartment deformation or intrusion occurred. The rear right wheel straddled the deformed rail
section. However, the 2270P vehicle remained upright and stable on the slope after the collision
event. Maximum roll and pitch angles were 28° and 25°, respectively. Occupant risk factors were
within the limits specified in MASH. The 2270P vehicle came to rest behind the concrete parapet.

8.1.2 Modified MASH Test 3-32 — Crash Test No. 490026-3-2

The Short-Span Short-Radius Guardrail System contained the 1100C vehicle, which
came to a complete stop on the field side of the installation. Maximum dynamic deflection of the
curved guardrail element was 19.4 ft. Several posts fractured at ground level, however, none of
these penetrated or showed potential for penetrating the occupant compartment. The posts rode
along with the vehicle and did not present hazard to others in the area. No occupant compartment
deformation or intrusion occurred. The 1100C vehicle remained upright and stable on the slope
after the collision event. Maximum roll and pitch angles were 8° and 18°, respectively. Occupant
risk factors were within the limits specified in MASH. The 1100C vehicle came to rest behind the
concrete parapet.

8.2  CONCLUSIONS

Tables 8.1 and 8.2 show that the Short-Span Short-Radius Guardrail System performed
acceptably according to MASH evaluation criteria using the modified test conditions for MASH
3-33 and 3-32.
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CHAPTER 9: IMPLEMENTATION STATEMENT"

A 31-inch tall short radius system was developed and tested per MASH TL-3 modified
conditions and is considered MASH complaint per the evaluation criteria. Hence, this system is
recommended for implementation on primary roads where TL-3 (or lower) safety features are
recommended.

This new short radius system requires a placement footprint of 34 ft-10 inches along the
primary road and 29 ft-3 inches along the driveway. It is critical that the primary rail portion of
this system maintains a 4 percent flare with the primary roadway. The secondary rail with the
rigid rotating anchor is designed for driveways or roadways with speeds less than 30 mph. The
impact performance of the short-span and short-radius guardrail system with the 3H:1V slope
was evaluated using modified MASH Tests 3-32 and 3-33 as recommended from the simulation
effort of this study. MASH Tests 3-31 and 3-35 were conducted successfully on the same system
design but without the field side ditch and with four sand barrels under TxDOT project 0-6711.
MASH Tests 3-31 and 3-35 are not considered affected by the presence of the sloped ditch
behind the installation since the vehicle was redirected by the structural elements of the system
and not being captured by the system.

The system requires a minimum of 5 ft of flat ground behind it at a slope of 10H:1V or
flatter to accommodate the placement of the six 700-Ib sand barrels positioned per the supplied
drawings. A slope of 3H:1V or flatter can be placed after the 5-ft flat area to accommodate
ditches in the field side.

* The opinions/interpretations identified/expressed in this section are outside the scope of TTI Proving Ground’s
A2LA Accreditation.
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APPENDIX D: MODIFIED MASH TEST 3-33
(CRASH TEST NO. 490026-3-1)

D.1

VEHICLE PROPERTIES AND INFORMATION

Table D.1. Vehicle Properties for Test No. 490026-3-1.

Date: 2016-08-22

Year: 2010

Tire Size:

265/70R17

Tread Type:

Highway

Test No.: 490026-3-1 VIN No.: 1D7RB1G2A5133459
Make: Dodge Model: RAM 1500
Tire Inflation Pressure: 35 psi
Odometer: 142022

Note any damage to the vehicle prior to test:

None

® Denotes accelerometer location.

NOTES: None T T
—— N T
Engine Type: V-8
Engine CID: 4.7 liter : TRACK
Transmission Type: o
X  Auto or Manual

FWD x RWD 4WD T
Optional Equipment:

None o i
Dummy Data: O }K % l
Type: None ey
Mass: NA DR p———

Seat Position:  NA & ”
VY M ¥ M
FRONT REAR.
Geometry: inches c
A 78.50 F 41.50 K 20.00 P 3.00 U 27.00
B 75.00 G 28.62 L 29.25 Q 30.50 \% 29.75
C 231.00 H 64.66 M 68.50 R 18.00 w 62.60
D 4950 I 11.75 N 68.00 S 13.00 X 78.10
E 140.50 J 26.00 @] 45,50 T 77.00
Wheel Center Wheel Well Bottom Frame
Height Front 14.75 Clearance (Front) 6.00 Height - Front 17.50
Wheel Center Wheel Well Bottom Frame
Height Rear 14.75 Clearance (Rear) 9.25 Height - Rear 25.50
GVWR Ratings: Mass: Ib Curb Test Inertial Gross Static
Front 3700 Miront 2840 2790
Back 3900 Mrear 2008 2246
Total 6700 Mrotal 4848 5036
Mass Distribution:
Ib LF: 1406 RF: 1384 LR: 1132 RR: 1114
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Table D.2. Measurements of Vehicle Vertical CG for Test No. 490026-3-1.

Date: 2016-08-22  Test No.: 490026-3-1 VIN: 1D7RB1G2A5133459

Year: 2010 Make: Dodge Model: RAM 1500

Body Style: Quad Cab Mileage: 142022

Engine: 4.7 liter V-8 Transmission: Automatic

Fuel Level: Empty Ballast: 195 Ib (440 Ib max)
Tire Pressure: Front: 35  psi Rear: 35  psi Size: 265/70R17

Measured Vehicle Weights:  (Ib)

LF: 1406 RF: 1384 Front Axle: 2790
LR: 1132 RR: 1114 Rear Axle: 2246
Left: 2538 Right: 2498 Total: 5036

5000 +£110 Ib allow ed

Wheel Base: 140.5 inches Track: F: 68.5 inches R: 68 inches
148 +12 inches allow ed Track = (F+R)/2 =67 +1.5 inches allow ed

Center of Gravity, SAE J874 Suspension Method

X: 62.66 inches Rear of Front Axle (63 +4 inches allow ed)
Y: -0.27 inches Left - Right + of Vehicle Centerline
Z: 28.625 inches Above Ground (minumum 28.0 inches allow ed)
Hood Height: 45.50 inches Front Bumper Height: 26.00 inches

43 +4 inches allowed

Front Overhang: 41.50 inches Rear Bumper Height: 29.25 inches

39 £3 inches allowed

Overall Length: 231 inches

237 +13 inches allowed
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Table D.3. Exterior Crush Measurements of Vehicle for Test No. 490026-3-1.

Date:  2016-08-22 Test No.: 490026-3-1 VIN No.: 1D7RB1G2A5133459

Year: 2010 Make: Dodge Model: RAM 1500

VEHICLE CRUSH MEASUREMENT SHEET!

Complete When Applicable

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

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

Specific Direct Damage

Impact | Plane* of Width** | Max*** | Field | C1 | C2 | Cs | Cs | Cs |G | 2D
Number | C-Measurements (CDC) Crush L**

1 Front plane at bumper ht 72 12.25 72 10 7 115 | 12.25 9 11 0

Measurements recorded

in inches

Table taken from National Accident Sampling System (NASS).

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

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

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

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

***Measure and document on the vehicle diagram the location of the maximum crush.

Note: Use as many lines/columns as necessary to describe each damage profile.
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Table D.4. Occupant Compartment Measurements of Vehicle for Test No. 490026-3-1.

Date:  2016-08-22 TestNo..  490026-3-1 VIN No.: 1D7RB1G2A5133459
Year: 2010 Make: Dodge Model: RAM 1500
OCCUPANT COMPARTMENT
DEFORMATION MEASUREMENT
ek i Before After
(inches) (inches)
S N Al 65.25 65.25
A2 63.50 63.50
A B a3 65.50 65.50
Bl 44.75 44.75
B2 38.00 38.00
B3 44.75 44.75
B4 39.25 39.25
B5 43.00 43.00
B6 39.25 39.25
C1 26.00 26.00
cz2 e e
C3 25.00 25.00
D1 11.50 11.50
D2 e e
D3 11.25 11.25
( El 58.75 58.75
Bl E2 63.75 63.75
T E3 63.75 63.75
E4 63.25 63.25
F 59.00 59.00
G 59.00 59.00
H 37.50 37.50
. o | 37.50 37.50
iokpane! to passengers side Kickpanel, I 22.75 22.75
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D.2 SEQUENTIAL PHOTOGRAPHS

Figure D.1. Sequential Photographs for Test No. 490026-3-1 (Overhead and Perpendicular
Views).
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Figure D.1. Sequential Photographs for Test No. 490026-3-1
(Overhead and Perpendicular Views) (Continued).
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Figure D.2. Sequential Photographs for Test No. 490026-3-1 (Frontal View).
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APPENDIX E: MODIFIED MASH TEST 3-32
(CRASH TEST NO. 490026-3-2)

E.1 VEHICLE PROPERTIES AND INFORMATION
Table E.1. Vehicle Properties for Test No. 490026-3-2.

Date: 2016-08-11

Year: 2011

Test No.:

Make:

Tire Inflation Pressure: 32 psi

490026-3-2

Kia

Odometer:

101224

VIN No.:

Model:

Describe any damage to the vehicle prior to test:  None

® Denotes accelerometer location.

NOTES: None

Engine Type: 4 cylinder

Engine CID: 1.6 liter
Transmission Type:

_X__ Auto or _____Manual

X FWD = RWD  4WD
Optional Equipment:

None

Dummy Data:
Type: 50" percentile male
Mass: 165 Ib

Seat Position:  Passenger side

Geometry: inches

A 66.38 F 33.00
B 57.25 G
C 165.75 H 35.67
D 34.00 I 8.00
E 98.75 J 21.25
Wheel Center Ht Front  11.00
GVWR Ratings: Mass: Ib
Front 1918 M#ront
Back 1874 Mrear
Total 3638 Mrotal
Mass Distribution:
Ib LF: 775

TR No. 9-1002-15-9

KNADHYA388691819
Rio
Tire Size: 185/65R14

/

=

f——————————

K 11.75
L 25.50
M 57.75
N 57.10
O 28.25

p
Q
R
S

T

Wheel Center Ht Rear

Curb
1586
3388

2474

Allowable TIM = 2420 Ib +55 Ib | Allowable GSM = 2585 Ib + 55 Ib

RF: 792

97

4.10
22.50
15.50

7.50
66.20
11.00

Test Inertial

LR:

1567
886
2453

435

U 14.25
\% 21.25
W 35.40
X 105.90
W-H 0

Gross Static
1652

966

2618

RR: 451
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Table E.2. Exterior Crush Measurements of Vehicle for Test No. 490026-3-2.
Date:  2016-08-11 Test No.:  490026-3-2 VIN No.: KNADHYA388691819

Year: 2011 Make: Kia Model: Rio

VEHICLE CRUSH MEASUREMENT SHEET!

Complete When Applicable

End Damage Side Damage
Undeformed end width Bowing: Bl X1__
Corner shift: Al B2 X2
A2
End shift at frame (CDC) Bowing constant
(check one) X1+ X2 _
< 4 inches 2 -
>4 inches

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

Direct Damage

Specific ¢ |c e e e |ce |z
Impact Plane* of Width** Max*** Field ! 2 : ‘ > ® +D
Number C-Measurements (CDC) Crush L**

1 Front plane at bumper ht 48 10 48 7 8.5 10 8 7 6.5 0

Measurements recorded

in inches

Table taken from National Accident Sampling System (NASS).

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

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

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

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

***Measure and document on the vehicle diagram the location of the maximum crush.

Note: Use as many lines/columns as necessary to describe each damage profile.
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Table E.3. Occupant Compartment Measurements of Vehicle for Test No. 490026-3-2.

Date:  2016-08-11 TestNo.:  490026-3-2 VIN No.: KNADHYA388691819
Year: 2011 Make: Kia Model: Rio
Cfi —H—_ \ OCCUPANT COMPARTMENT
¢ . DEFORMATION MEASUREMENT
Before After
G (inches) (inches)
40 N\ = Al 67.50 67.50
A A2 67.00 67.00
A3 67.50 67.50
Bl 40.25 40.25
B1, B2, B3, B4, B5, B6 B2 36.50 36.50
Z T B3 40.25 40.25
51 sz\l& é\g 8A B4 36.00 36.00
C1,C2,&C8 |, B5 35.75 35.75
@ = B6 36.00 36.00
C1 25.50 25.50
cz2 e e
C3 25.50 25.50
\ D1 25.50 25.50
B ¢ BS gi 9.50 9.50
E1&E2
% El 51.50 51.50
N E2 51.10 51.10
F 51.00 51.00
G 51.00 51.00
H 36.75 36.75
I 36.75 36.75
J* 51.00 51.00

*Lateral area across the cab from
driver’s side kickpanel to passenger’s side kickpanel.
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E.2 SEQUENTIAL PHOTOGRAPHS

oy PO (03005~ e

Figure E.1. Sequential Photographs for Test No. 49002
(Overhead and Left Perpendicular Views).

o=

6-3-2
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Figure E.1. Sequential Photographs for Test No. 490026-3-2
(Overhead and Left Perpendicular Views) (Continued).
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Figure E.2. Sequential Photographs for Test No. 490026-3-2 (Right Perpendicular View).
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VEHICLE ANGULAR DISPLACEMENT
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