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1. INTRODUCTION AND RESEARCH APPROACH

a. Statement of the Problem
The work reported here is part of the Coordinated Federal Lands Highway

Technology Implementation program. It is intended to serve the immediate
needs of those individuals who design and construct Federal Lands highways,
including Indian Reservation roads, National Park roads and parkways, and
forest highways. The results of this study can be used for all of these

entities.

A varied assortment of bridge rails, transitions and terminals from
approach guardrails to the bridge rail itself are being used on bridges under
the jurisdiction of the National Park Service and other Federal agencies.
These devices are intended to biend in with the roadside to preserve the
visual integrity of parks and parkways. However, few have ever been crash
tested. Therefore, this program was instituted to begin an evaluation process
to ensure that devices used are safe for the traveling public.

b. Objectives and Scope
The objective of this effort was to crash-test aesthetic bridge rails for

roads, under Federal jurisdiction. Four designs were analyzed and evaluated:
the Modified Kansas Corral bridge rail, the glulam bridge rail, the Natchez
Trace bridge rail, and the Aluminum Tri-Rail bridge rail with sidewalk. Two
designs were evaluated by testing: the glulam bridge rail and the Modified
Kansas Corral bridge rail. Two full-scale crash tests were conducted with

each design.

c. Research Approach and Report Organization

This project was composed of three principal tasks which are discussed
below. Section 2 presents a summary of the analyses and tests conducted, and
section 3 lists the conclusions and recommendations. Drawings of the
evaluated bridges are given in section 2. The results of the computer
simulations are presented in appendix A. Appendix B includes a copy of the
test report for each of the four tests.



Jask A. Barrier analysis and design, Structural analysis and computer

simulations were used to evaluate certain barrier designs before testing.
These analyses led to some proposed changes in the rail designs to improve
their safety performance without significantly affecting aesthetics,
construction and/or maintenance costs.

Task B. Full-scale tests. Four full-scale tests were conducted during
this program, as shown in table 1. A1l test vehicles procured during the
testing program were 1982 or later models. In addition, all test procedures,
test instrumentation, and the test report contents were in accordance with the
guidelines in National Cooperative Highway Research Program (NCHRP) Report No.
230, and the American Association of State Highway and Transportation
Officials (AASHTO) Guide Specifications for Bridge Railings, 1989. "2

Table 1. Test matrix.
Impact Impact

No. Vehicle Speed Angle Barrier Installation
WB-1 1800 1b sedan 50 mi/h  20° Glulam bridge rail
WB-2 5400 1b pickup 45 mi/h  20° Glulam bridge rail
KM-1 1800 1b sedan 50 mi/h  20° Modified Kansas Corral rail
KM-2 5400 1b pickup 45 mi/h  20° Modified Kansas Corral rail
1 1b = 0.454 kg
1 mi/h = 0.447 m/s

Reporting requirements included the vehicle maximum 50 m/s accelerations
and changes in vehicle velocity and momentum. High-speed and real-time films,
slides, and still photographs were made of each test. The vehicle crush depth
was measured using a minimum of six points before and after each test. The
depth measurement points were equally spaced along the length of the damaged
area to generally describe the damage penetration profile. In addition, the
maximum static crush was measured. The vehicle trajectory after impact was
also measured.



One uninstrumented restrained anthropomorphic dummy was used in the
driver’s seat of each test vehicle to assess the probability of occupant
injury. Each dummy was a 50th percentile male. An onboard camera was
utilized to record the motions of the dummy.

Task C. Final report. The final task for this contract was preparation
of the final report, which describes the tests conducted, and a comprehensive
discussion of conclusions and recommendations derived from the effort. In
addition, a separate two page summary was prepared that highlights the
objectives, research approach, results and conclusions, and which references

the final report.

2.  SUMMARY OF ANALYSIS

Design reviews, analyses conducted, final designs, test procedures, and
test results are briefly described in this section. Detailed information on
the test installations and results is contained in appendix B (Full-Scale

Crash Test Reports).

a. Design Reviews
Four bridge rail designs were reviewed as part of this contract as listed
below:
Glulam bridge rail
Modified Kansas Corral bridge rail
Natchez Trace bridge rail
Aluminum Tri-Rail bridge rail with sidewalk.

= - T 7S T N S Y
« e e .

Drawings of each system are presented in figures 1 through 4, a, b, and ¢
respectively. A discussion of the different analyses performed on each system
is presented in the next section and the suggested modification to the
Aluminum Tri-Rail bridge rail is given in the following section.

Glulam Bridge Rail.
Design calculations were obtained from Wheeler Consolidated Industries,

the manufacturer, for this system. These were reviewed prior to testing and
no modifications were recommended.
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Modified Kansas Corral Bridge Rail.

Strength analyses were performed on this system prior to testing to
ensure that this design is equal to or superior to the previously tested
Modified Kansas Corral. ® In addition, a computer simulation was performed
to provide insight into vehicle stability while impacting this profile. After
reviewing this information, it was determined that this design would perform
satisfactorily with no modifications and it was correspondingly evaluated by

crash test.

Natchez Trace Bridge Rail.
Two computer simulations were performed on this design to provide insight

into vehicle behavior while impacting this profile. No modifications were
recommended for this system. This was not confirmed because no full-scale

tests were performed.

Aluminum Tri-Rail Bridge Rail With Sidewalk.
Two computer simulations were performed on this design to provide insight

into vehicle behavior while impacting this profile. Because of limited

- modeling capabilities of the simulation program, additional review was
performed based on guidelines provided in reference 3. From figure 5, this
system indicates a high snagging potential. A blockout is recommended for the
upper two rails to reduce this potential. This is shown in section 2-c.
Fuli-scale crash tests were not performed on this design.

b. Analyses Conducted
Three types of analyses were performed during this study: strength,

computer simulation, and wheel snagging using graphs.

Strength.
Elastic analyses were conducted on the Modified Kansas Corral bridge rail

using the BRIDGE program (3) and the yield line analyses used by Hirsch and
Bronstad. (4,5) Results from these were compared with the same analyses of
the Modified Kansas Corral bridge rail that was tested and reported in
reference 3. In all cases, the Western Bridge Rail was equivalent or stronger

than the tested rail.
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0 r Sim i
Computer simulations were performed on the Modified Kansas Corral bridge

rail, the Natchez Trace bridge rail, and the Aluminum Tri-Rail bridge rail
with sidewalk. NARD was the computer program that was used because of its
three-dimensional capability. The impact conditions that were used correspond
to Performance Level 1 from the 1989 AASHTO guidelines, the 1800-1b (817-kg)
mini-sedan at 50 mi/h (80.5 km/h) and a 20 degree angle and the 5400-1b (2450-
kg) pickup at 45 mi/h (72.4 km/h) and a 20 degree angle. The profiles of the
railings were accurately modeled, while the rails themselves were simplified
because of the limited number of barrier elements available in NARD and
Timited funding available for simulation. This limitation particularly
affected the Aluminum Tri-Rail bridge rail. The results of the simulations
are presented in appendix A and should be used sparingly to predict trends
only. In all cases, the vehicles were smoothly redirected with no indication

of vaulting.

Graphs.
Guides for wheel snagging were developed in reference 3. Figure 5

presents the design guideline. This was used to determine the potential of
the Aluminum Tri-Rail bridge rail for snagging.

¢. Final Designs
Every bridge rail reviewed, with the exception of the Aluminum Tri-Rail

bridge rail, remained unchanged. The drawings presented in section B
represent the final design. The Aluminum Tri-Rail was modified to inciude
blockouts at the top two rails as shown in figure 6. This configuration was
not submitted to full-scale crash evaluation.
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Figure 6. Aluminum Tri-Rail recommended modification.
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d. Test Procedures
Two bridge rail designs were evaluated as part of this contract, the

Glulam bridge rail and the Modified Kansas Corral rail. For each design,
two tests were conducted, one with an 1800-1b (817-kg) sedan and one with a
5400-1b (2450-kg) pickup truck. The test matrix is presented in section 1.

Impact events were recorded from transducers mounted on the vehicle.
Extensive high speed and real time film coverage also documented the barrier,
vehicle and dummy behavior. Color slides and black and white photographs were
taken before, during and after the test to provide additional documentation.

e. Full-Scale Crash Tests

(1) Glulam Bridge Rail
The Glulam bridge rail system was manufactured and provided by Wheeler

Consolidated Industries, Inc., of St. Louis Park, Minnesota. The barrier
system consists of 18-ft (5.5-m) long by 7-ft (2.1-m) wide by 10-in (25.4-cm)
thick Taminated wood bridge deck panels. For each test, four panels were used
to construct a simulated bridge 72 ft (21.9 m) in length. The panels were
positioned and fastened to an existing reinforced concrete deck at the test
site. The curb/scuppers, posts, and rail were attached to the deck, according
to the instructions given by the manufacturer. Details of the system are shown

in figure 1.

Test WB-1. Small sedan. The purpose of this test was to investigate the
dynamic interactions of a small car with the bridge rail and curb. The goals
for this test were: (1) the vehicle should be smoothly redirected without
exhibiting any tendency to snag or pocket; (2) the vehicle should remain
upright throughout the event; and (3) the vehicle after-collision trajectory
should not present an undue hazard to other traffic.

The vehicle used in the test was a 1982 Volkswagen Rabbit. The gross
test weight, including the dummy and instrumentation, was 1983 1b (900 kg).
Figures 7a and 7b contain photographs of the barrier and test vehicle.
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odified Kansas Cor ridge Rail.
Strength analyses were performed on this system prior to testing to

ensure that this design is equal to or superior to the previously tested
Modified Kansas Corral. ® In addition, a computer simulation was performed
to provide insight into vehicle stability while impacting this profile. After
reviewing this information, it was determined that this design would perform
satisfactorily with no modifications and it was correspondingly evaluated by

crash test.

Natchez Trace Bridge Rail.

Two computer simulations were performed on this design to provide insight
into vehicle behavior while impacting this profile. No modifications were
recommended for this system. This was not confirmed because no full-scale

tests were performed.

Aluminum Tri-Rail Bridge Rail With Sidewalk.

Two computer simulations were performed on this design to provide insight
into vehicle behavior while impacting this profile. Because of limited
modeling capabilities of the simulation program, additional review was
performed based on guidelines provided in reference 3. From figure 5, this
system indicates a high snagging potential. A blockout is recommended for the
upper two rails to reduce this potential. This is shown in section 2-c.
Full-scale crash tests were not performed on this design.

b. Analyses Conducted :
Three types of analyses were performed during this study: strength,

computer simulation, and wheel snagging using graphs.

Strength.

Elastic analyses were conducted on the Modified Kansas Corral bridge rail
using the BRIDGE program (3) and the yield line analyses used by Hirsch and
Bronstad. (4,5) Results from these were compared with the same analyses of
the Modified Kansas Corral bridge rail that was tested and reported in
reference 3. In all cases, the Western Bridge Rail was equivalent or stronger

than the tested rail.
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Computer Simulation.

Computer simulations were performed on the Modified Kansas Corral bridge
rail, the Natchez Trace bridge rail, and the Aluminum Tri-Rail bridge rail
with sidewalk. NARD was the computer program that was used because of its
three-dimensional capability. The impact conditions that were used correspond
to Performance Level 1 from the 1989 AASHTO guidelines, the 1800-1b (817-kg)
mini-sedan at 50 mi/h (80.5 km/h) and a 20 degree angle and the 5400-1b (2450-
kg) pickup at 45 mi/h (72.4 km/h) and a 20 degree angle. The profiles of the
railings were accurately modeled, while the rails themselves were simplified
because of the limited number of barrier elements available in NARD and
limited funding available for simulation. This limitation particularly
affected the Aluminum Tri-Rail bridge rail. The results of the simulations
are presented in appendix A and should be used sparingly to predict trends
only. 1In all cases, the vehicles were smoothly redirected with no indication

of vaulting.

Graphs.
Guides for wheel snagging were developed in reference 3. Figure 5

presents the design guideline. This was used to determine the potential of
the Aluminum Tri-Rail bridge rail for snagging.

c. Final Designs
Every bridge rail reviewed, with the exception of the Aluminum Tri-Rail

bridge rail, remained unchanged. The drawings presented in section B
represent the final design. The Aluminum Tri-Rail was modified to include
blockouts at the top two rails as shown in figure 6. This configuration was
not submitted to full-scale crash evaluation.
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d. Test Procedures
Two bridge rail designs were evaluated as part of this contract, the

Glulam bridge rail and the Modified Kansas Corral rail. For each design,
two tests were conducted, one with an 1800-1b (817-kg) sedan and one with a
5400-1b (2450-kg) pickup truck. The test matrix is presented in section 1.

Impact events were recorded from transducers mounted on the vehicle.
Extensive high speed and real time film coverage also documented the barrier,
vehicle and dummy behavior. Color slides and black and white photographs were
taken before, during and after the test to provide additional documentation.

e. Full-Scale Crash Tests

(1) Glulam Bridge Rail
The Glulam bridge rail system was manufactured and provided by Wheeler

Consolidated Industries, Inc., of St. Louis Park, Minnesota. The barrier
system consists of 18-ft (5.5-m) long by 7-ft (2.1-m) wide by 10-in (25.4-cm)
thick laminated wood bridge deck panels. For each test, four panels were used
to construct a simulated bridge 72 ft (21.9 m) in length. The panels were
positioned and fastened to an existing reinforced concrete deck at the test
site. The curb/scuppers, posts, and rail were attached to the deck, according
to the instructions given by the manufacturer. Details of the system are shown

in figure 1.

Test WB-1. Small sedan. The purpose of this test was to investigate the
dynamic interactions of a small car with the bridge rail and curb. The goals
for this test were: (1) the vehicle should be smoothly redirected without
exhibiting any tendency to snag or pocket; (2) the vehicle should remain
upright throughout the event; and (3) the vehicle after-collision trajectory
should not present an undue hazard to other traffic.

The vehicle used in the test was a 1982 Volkswagen Rabbit. The gross
test weight, including the dummy and instrumentation, was 1983 1b (900 kg).
Figures 7a and 7b contain photographs of the barrier and test vehicle.
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Figure 7a.

Test WB-1 Pre-test details.
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Figure 7b.

Test WB-1 pre-test details (continued).
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Test results are summarized in figure 8. Impact conditions were 59.2
mi/h (95.3 km/h) at a 20.0° impact angle. The vehicle impacted the barrier 29
inches downstream of post 5. The vehicle remained in contact with the barrier
for 12.5 ft (3.8 m) before redirection at a -12.0° angle. During the impact
sequence, the right front tire/wheel became engaged between the top of the
curb and the bottom of the rail. Measurements of the tire/wheel path
indicated a maximum of 5 in (13 cm) of lateral engagement. Since the curb is
12 in (30.5 cm) wide, there was no propensity for the wheel to snag on a post
during impact.
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No significant pitch, roll or yaw was noted during impact and redirec-
tion. The vehicle came to rest 140 ft (43 m) downstream of the impact point
and 50 ft (15 m) out from the barrier plane. The vehicle brakes were applied
at approximately 100 ft (30 m) after impact. Table 2 presents the after

impact vehicle trajectory.

Table 2. After impact vehicle trajectory, test WB-1.

Location’ Distance®

0 0
10 -0.2
20 1.5
30 3.3
40 5.2
50 9.0
60 10.5
70 12.8
80 16.1
90 19.8
100 24.5

'Distance measured in the downstream direction with 0 as the point
of impact.

2 Measured perpendicular to the barrier plane at the front tire on
the impact side of the vehicle.

A1l dimensions are in feet. 1 ft = 0.305 m

Maximum dynamic barrier deflection observed from the overhead data camera
was 6.3 in (16.0 cm). Measurements of the barrier after the test showed a
maximum of 1.5 in (3.8 cm) permanent deflection. Maximum 50 m/s average
accelerations from transducer data were -5.0 g’s (longitudinal) and 7.6 g’'s
(Tateral). These results are exhibited in table 3.
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Table 3. Permanent barrier deflections, test WB-1.

Post/Location Deflection
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A1l dimensions are in inches. 1 in = cm

Figures 9a through 9c present photographs of damage to the vehicle and
barrier. Damage to the barrier consisted of scuff marks and minor gouging on
the rail and curb. Inspection of the barrier system revealed no fractured
posts or beam members. Observation of the deck showed delamination between
the second and third deck timbers in the impact area. The delamination of the
deck occurred from the location of post 3 to post 9 with a maximum separation
of 0.5 in (1.3 cm) on the top surface of the deck, approximately 3 ft (0.9 m)
downstream from post 6. Maximum separation observed on the bottom surface of
the deck was 0.1 in (0.3 cm). Several drive spikes in the impact affected
area of the deck showed evidence of minor pullout.

Damage to the vehicle consisted of sheet metal deformation of the hood,
right front fender, side, and rear fender. The windshield was cracked because
of a pillar deformation. Both right side tires were blown out during impact.
Vehicle damage was considered commensurate with the severity of the impact.
Measurements of vehicle damage are given in table 4.

23



Figure 9a. Test WB-1 post-test details.
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Figure

9b.

Test WB-1 post-test details (continued).
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Figure 9c. Test WB-1 post-test details (continued).
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Table 4. Vehicle damage measurements, test WB-1.

Before Test After Test Crush

L 52 52 Not Applicable
C-1 2.0 2.0 0.0

c-2 0.0 5.6 5.

c-3 0.0 6.0 6.0

C-4 0.0 7.5 7.5

C-5 3.0 10.0 7.0

C-6 4.0 12.1 8.1

Maximum crush of 12.0 at a location of 15.0 to the right of vehicle
centerline.

A1l dimensions are in inches. 1 in = 2.54 cm

Jest WB-2. Pickup truck. The purpose of this test was to investigate
the dynamic interactions of the pickup truck with the bridge rail and curb.
Goals for this test were: (1) the vehicle must not penetrate or vault over
the system; (2) the vehicle should remain upright throughout the event; and
(3) the vehicle after-collision trajectory should not present an undue hazard

to other traffic.

The barrier selected was the same as that used in test WB-1. However,
one deck panel with curb/rail was replaced in the impact area to ensure system
integrity. The vehicle used was a 1984 Ford F150 pickup truck. The gross
test weight, including the dummy and instrumentation, was 5419 1b (2458 kg).
Figures 10a and 10b contain photographs of the barrier and test vehicle.

Test results are summarized in figure 11. Impact conditions were 47.5

mi/h (76.4 km/h) at a 20° impact angle. The vehicle impacted the barrier
midway between post 5 and 6. The vehicle remained in contact with the barrier

27



Figure 10a. Test WB-2 pre-test details.
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Figure 10b.

Test WB-2 pre-test details (continued).
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for 15.0 ft (4.6 m) before redirection at an angle of -4.9°. The vehicle
showed no tendency to snag on the curb or posts during the impact sequence.
No significant pitch, roll or yaw was noted during impact and redirection.
The vehicle came to rest 130 ft (40 m) downstream of the impact point and 48
ft (15 m) out from the barrier plane. The vehicle brakes were applied at
approximately 100 ft (30 m) after impact. Table 5 presents the vehicle

trajectory after impact.

Table 5. After impact vehicle trajectory, test WB-2.

Location' Distance?
0 0
10 -0.1
20 0.2
30 1.5
40 2.0
50 3.4
60 1.4
70 0.0
80 -3.0
90 -6.1
100 11.2

' Distance measured in the downstream direction with 0 as the point
of impact.

? Measured perpendicular to the barrier plane at the front tire on
the impact side of the vehicle.

All dimensions are in feet. 1 ft = 0.305 m

Maximum dynamic barrier deflection observed from the overhead data camera
was 8.5 inches (21.6 cm). Measurements of the barrier after the test, listed
in table 6, show a maximum permanent deflection of 2.3 in (5.8 c¢cm). Maximum
50 ms average accelerations from transducer data were -3.2 g’s (longitudinal)

and 5.2 g’s (lateral).
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Table 6. Permanent barrier deflections, test WB-2.

Post/Location Deflection
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A1l dimensions are in inches. 1 in = 2.54

Damage to the vehicle consisted of sheet metal deformation of the right
front fender, side, and rear fender. The windshield remained intact, and the
right front tire was blown out during impact. The tire remained on the wheel
during redirection, but became detached during subsequent vehicle retrieval
from the runout path. Vehicle damage was considered commensurate with the
severity of the impact. Vehicle damage measurements are contained in table 7.

Table 7. Vehicle damage measurements, test WB-2.

Before Test After Test Crush
L 58 58 Not Applicable
c-1 0.4 0.3 -0.1
c-2 0.8 3.3 +2.5
C-3 0.0 2.5 +2.5
Cc-4 0.0 4.0 +4.0
c-5 0.0 7.1 +7.1
C-6 1.5 11.5 +10.0

Maximum crush of 15.8 at a location of 25 to the right of vehicle
centerline.

A1l dimensions are in inches. 1 in = 2.54 cm
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Figures 12a and 12b present photographs of damage to the vehicle and
barrier. Damage to the barrier consisted of scuff marks and minor gouging on
the rail and curb. Inspection of the barrier system revealed no fractured
posts or beam members. Observation of the deck showed delamination between
the second and third deck timbers in the impact area. The delamination of the
deck occurred from the location of post 3 to post 9 with a maximum separation
of 0.8 in (2.0 cm) on the top surface of the deck about 3 ft (0.9 m) down-
stream from post 6. Maximum separation observed on the bottom surface of the
deck was 0.1 in (0.3 cm). Several drive spikes in the impact affected area of

the deck showed evidence of minor pullout.
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Figure 12a. Test WB-2 post-test details.
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Test WB-2 post-test details (continued).

Figure 12b.
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(2) Modified Kansas Corral Bridge Rail

The Modified Kansas Corral bridge rail consisted of concrete posts, rails
and a 6 in (15 cm) curb, and was constructed on a simulated bridge deck. The
total length of the system was 69 ft (21 m). Details of the system are shown

in figure 2.

Test KM-1. Small sedan. The purpose of this test was to investigate the
dynamic interactions of the small car with the bridge rail and curb. The
goals for this test were: (1) the vehicle should be smoothly redirected
without exhibiting any tendency to snag or pocket; (2) the vehicle should
remain upright throughout the event; and (3) the vehicle after-collision
trajectory should not present undue hazard to other traffic.

The vehicle used in this test was a 1982 Honda Civic. Gross test weight,
including the dummy and the instrumentation, was 1990 1b (902 kg). Figures
13a and 13b contain photographs of the barrier and test vehicle.
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Figure 13a. Test KM-1 pre-test details.
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Test KM-1 pre-test details (continued).
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Test results are summarized in figure 14. Impact conditions were 51.0
mi/h (82.0 km/h) at a 20.5° impact angle. The vehicle impacted the barrier
midway between posts 7 and 8. The vehicle remained in contact with the
barrier for 13.8 ft (4.2 m) before redirection at a -3.7° angle. During the
impact sequence, the right front tire/wheel became engaged between the top of
the curb and the bottom of the rail, with the wheel hub contacting post 8.
Although post 8 exhibited minor gouging, observation of the test film showed
no significant snag potential.
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The vehicle remained stable during impact and redirection. It came to
rest 150 ft (46 m) downstream of the impact point and 10.5 ft (3.2 m) out from
the barrier plane. The vehicle brakes were not applied after impact. Table 8
presents the vehicle trajectory after impact.

Table 8. After impact vehicle trajectory, test KM-1.
Location' Distance?

(2]

o
DO NEL,WNO~OO
VWNhOOoOMNWULoMNO

'Distance measured in the downstream direction with 0 as the point
of impact.

*Measured perpendicular to the barrier plane at the front tire on
the impact side of the vehicle.

A1l dimensions are in feet. 1 ft = 0.305 m

The barrier did not deflect during impact. The film data indicated
maximum 50 m/s average accelerations of -2.8 g's (longitudinal) and 4.0 g’s
(1ateral). Maximum 50 m/s average accelerations from transducer data were -
5.4 g’s (longitudinal) and 8.1 g's (lateral).

Figures 15a and 15b show photographs of vehicle and barrier damage.
Damage to the barrier consisted of cosmetic scuff marks on the rail and curb.
Minor gouging was noted on post 8. Inspection of the barrier system revealed
no fractured posts or rail members. The barrier was considered undamaged.
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Figure 15a.

Test KM-1 post-test details.
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Figure 15b. Test KM-1 post-test details (continued).
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Damage to the vehicle consisted of sheet metal deformation of the hood,
right front fender, side, and rear fender. The right front tire was blown out
during impact, and the A-frame was displaced rearward to the fender well.
Vehicle damage was considered commensurate with the severity of the impact.
Vehicle damage measurements are contained in table 9.

Table 9. Vehicle damage measurements, test KM-1.

Before Test After Test Crush
L 48 48 Not Applicable
c-1 1.3 4.0 2.7
c-2 0.0 2.8 2.8
c-3 0.0 -0.8 +0.8
c-4 0.0 8.8 8.8
C-5 0.3 8.5 8.2
C-6 0.3 10.0 9.7

Maximum crush of 10.5 at a location of 22.0 to the right
of the vehicle centerline.

A1l dimensions are in inches. 1 in = 2.54 cm

Test KM-2. Pickup truck. The purpose of this test was to investigate
the dynamic interactions of the pickup truck with the bridge rail and curb.
Goals for this test were: (1) the vehicle must not penetrate or vault over
the system; (2) the vehicle should remain upright throughout the event; and
(3) the vehicle after-collision trajectory should not present an undue hazard

to other traffic.

The barrier was the same as that used in test KM-1. The vehicle used was
a 1984 Ford F150 pickup truck. Gross test weight, including the dummy and
instrumentation, was 5419 1b (2458 kg). Figures 16a and 16b contains
photographs of the barrier and the test vehicle.
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Test KM-2 pre-test details.

Figure 16a.
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Figure 16b. Test KM-2 pre-test details (continued).
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Test results are summarized in figure 17. Impact conditions were 46.6
mi/h (74.9 km/h) at a 20.0° impact angle. The vehicle impacted the barrier
0.8 ft (0.2 m) downstream of post 7. The vehicle remained in contact with the
barrier for 15.0 ft (4.6 m) before redirection at a -2.4° angle. The vehicle
showed no tendency to snag on the curb or posts during the impact sequence.
No significant pitch, roll or yaw was noted during impact and redirection.
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The vehicle came to rest 190 ft (58 m) downstream of the impact point and
35 ft (11 m) out from the barrier plane. The vehicle brakes were applied at
approximately 130 ft (40 m) after impact. Table 10 present the vehicle
trajectory after impact. The barrier did not deflect during the impact. Film
data indicated maximum 50 m/s average accelerations of -2.7 g’s (longitudinal)
and 4.9 g’s (lateral). Maximum 50 m/s average accelerations from transducer
data were -3.4 g’s (longitudinal) and 8.8 g’s (lateral).

Table 10. After impact vehicle trajectory, test KM-2.

Location' Distance®
0 0
10 -0.3
20 1.0
30 2.3
40 2.4
50 3.3
60 4.3
70 5.2
80 6.3
90 7.5
100 8.8

'Distance measured in the downtown direction with 0 as the point of
impact.

*Measured perpendicular to the barrier plane at the front tire on
the impact side of the vehicle.

A1l dimensions are in feet. 1 ft = 0.305 m

Figures 18a and 18b present photographs of damage to the vehicle and
barrier. Damage to the barrier consisted of cosmetic scuff marks on the rail
and curb. Minor gouging from wheel contact was noted on the lower edge of the
rail in the impact area. Inspection of the barrier system revealed no
fractured posts or rail members. The barrier was considered undamaged.
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Figure 18a.

Test KM-2 post-test details.
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Figure 18b. Test KM-2 post-test details (continued).
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Damage to the vehicle consisted of sheet metal deformation of the right
front fender, side, and rear fender. The front bumper was deformed inward at
the impact area. The right front tire was blown out during impact. Vehicle
damage was considered commensurate with the severity of the impact. Vehicle
damage measurements are listed in table 11.

Table 11. Vehicle damage measurements, test KM-2.

Before Test After Test Crush
L 56 5 Not Applicable
c-1 2.0 3.8 1.8
c-2 1.0 5.5 4.5
c-3 0.0 4.0 4.0
C-4 0.0 3.5 3.5
C-5 1.0 15.6 14.6
C-6 2.0 14.0 12.0

Maximum crush of 16.0 at a location of 25.0 to the right of vehicle
centerline.

A1l dimensions are in inches. 1 in = 2.54 cm

3. CONCLUSIONS AND RECOMMENDATIONS
Two bridge rail designs have been evaluated using full-scale tests

employing both a small sedan and a pickup truck. Also, analyses of two
additional designs have been conducted. Conclusions and recommendations based

on the results of this effort are presented below.

a. Conclusions
The Glulam bridge rail and the Modified Kansas Corral bridge rail passed

both the small sedan and the pickup truck full-scale tests. The rails did not
fail in any of the tests, and the vehicle behavior during and after impact
was, in all cases, acceptable. Analyses conducted on the Modified Kansas
Corral bridge rail indicated that it was equally as strong or stronger than
the Modified Kansas Corral rail tested in reference 3.
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Computer simulation on the Modified Kansas Corral bridge rail and the
Natchez Trace bridge rail indicated that the vehicle would be redirected with

no vaulting.

The Aluminum Tri-Rail bridge rail has a high snagging potential according
to guidelines developed in reference 3.

b. Recommendations
Because the Modified Kansas Corral and Glulam bridge rail designs passed
the full-scale tests, they should both be certified as acceptable for use on

Federal Lands highways.

Based on the analyses conducted, the Natchez Trace bridge rail should be
tested in its current design to Performance Level 1 of the 1989 AASHTO guide

specifications.

The Aluminum Tri-Rail bridge rail should be modified as recommended and
submitted for full-scale testing to Performance Level 1.
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APPENDIX A: COMPUTER SIMULATION TEST RESULTS
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Figure 19a. Modified Kansas Corral bridge rail with
1800-1b (817kg) computer simulation results.
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APPENDIX B: FULL-SCALE CRASH TEST REPORTS

T0: Mr. Charles McDevitt, P.E., FHWA

FROM: Ken Johnson
SUBJECT: Timber Bridge Rail Details

Transmitted herewith are the DRAFT calculations of the bridge rail. Please
give me a call ((218) 927-3370) to help explain any of those areas which may

not be clear.
Thank you,
WHEELER CONSOLIDATED, INC.

Kenneth Johnson
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oy ig
fd Powm

) Tt 10341
S8 % 2 OAme Hemd Bolt Goaowm Blook:
14 Phale Washat Bach
% 10 3167 Qhded*
Forted Falihge

17,700 Ibs.

Ootve
T4 Ot Do Hen3 8o (ASTM A X2S);
1- Puda wushai Each 8uls
TYPICAL CROSS SECTION OF CURB AND RAIL
The indicated load of 17,700 pounds is the astimatad maximum
lateral foad from a 1,800 pound vehicle traveling at 60 MPH
and striking the rall at 20°.
p- 17,700 x C
TABLE NO. 1 (LOAD ON POST BOLT) B
DECK DIMENSION DIMENSION DIMENSION LOAD ON POST
THICKNESS (). B-23(7 ~825 A-B-025 C=2038+B BOLT4BS]-P
10 1217 ST 255 7341
1\ 1350 525 288 44420
14 1487 ass 821~ 42024
16" 1817 I & 855 40,008
1 1750~ 225" 3788 8313

NOTE. The t /4 dameter by 26" Dome Head BoR connecting the rail post ©
the curd has a Root Area of 0.890 sq in. and a Tensie Sress Areaof 9693q. in.
The minimum utmate stess for A 325 in applied ension s 120,000 pe (25" © 1" dia bolts)’
The minimum ulimate svess for A 325 in appbed ension s 103,000 pei (> 1"da boly;
The minimurn ulimate siriess for A 307 in applied tension is 60,000 pei
Aliowable load based on Tensie Stress Area = 969 x 105000 - 101,175 pounds.
Mlowatre load based on Tensie Stress Area = .969 1 80,000 = 58,140 pounds
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ULTIMATE UNIT STRESSES: Ref. woinstse souss varias fom page ¢-15-
WOOD Handbook, Forest Aroducts Laboratvy,

Specis - Douglas-fir

Modulus of rupture (f, } = 12,800 psi

Modulus of elasticity (E) = 1,870,000 ps!
Compresion parallel to graln, max. crushing strength. = 7,260 psi.

Compression perpendicular to grain, at portional limit (Fe } = 870 pst
Shear parallel to grain, max. shearing strength (F,) = 1,380 psi

RARLING DESIGN:
8" x 12" Post
Rail past spacing

5 60 H 60" E 60" :
1‘3’ g *1*3' 0"’ \_ 6" x 10 ¥4~ GLULAM RAIL

P
17,700 Ibs.

| I

BENDING STRESS COMPUTATIONS: {formuta from AISC.. Bth Ed., page 2-124)
Maximum moment = M = ’—38-{—"- = 13x 17’2?"6" 2 . 258,883 in-ibs.

2 2
Sect!onmoduk:s=$=—%9— --’-9-165-’-‘1- -845mn>

= 2BEBIOMS. _ 4013ps <12500p8  OK
845 n’

HORZZONTAL SHEAR .
Check with load at 3d.= 1/4 L = 1.5 from support.

v-R._ﬂsl“;"_*s__ = 13275 Ibs.
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POST DESIGN:.
Check bending moment at 1 1/4° bolt hole.
Maximum moment = M = 17,700 x 20.38™ = 360,726 In-lbs.

Nat secion of post = 8" - 1 1/4° =6 Y4"
2 (2
Section modulus = S = 29— o 8.79x12° _ .05 ;0

6 8
M _ 360,726 in-ibs.
f,= o = BUIBINRS. 500700 <12,800pst OK
5 162 in> pel pal
HORZONTAL SHEAR

V= 17,700 Ibs.
- 3v_ _3x17,700 _ A
= 2bd " ZXBX12 277 pst < 1,380 OK
LOAD ON 1 14" POST BOLT:
Ultimate unit stress for A 325 Steel bolt (1.25" dia.) in tension = 105,000 psi.
Load on bolt ( from sheet 1 Of 16 sheets ) = 47,341 Ibs.
. e AT3ATIDS. .
Net section required 105000 psi 05,000 psi 0.453g. in.

Tenslle Area of 1 1/4” bolt = 0.969 sq. in. {AISC, 8th. Ed., page 4-141)

WASHER DESIGN FOR POST BOLT:
Try 6 X 8"
47341 1bs.  _ 87008l NOT
48sq. in. 50Gps! >&70ps! NOTOK

CURB TO FLOOR SPUT RING CONNECTIORS:
Design Value/Uitimate Value » 4.0 10 4.5 (page 7-18 WOOD Handbook)

1. Seasoned lumber 3. Angls of ioad to grain = 90>
2. Group “B” species 4. Over 3" thick both faces

Allowabla load on 4” split ring connactor and Y4" boit = 3,380 x 4 = 13,440 ibs.

Numbar of bolts required = gr==r= = %14% - 1.32 Botts

Use 4 boits, two on each side.

CURB TO FLOOR BOLTS:
Check bolts in tension ,use ASTM A 325 Bolits-

17,700 'b;- ui 20.381n. 460,121 pounds to be resisted by bolts
Tensile Stress Area for 3/4° dlameter bolt = 0.334 sq. in.
Allowabla load for /4" diamater bolt = 120,000 x 0.334 = 40,080 Ibs. per bo:
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6" x 8" x 10 3/4" Spacer Block

/—rx 10.75" Giu Lam Rak

vz ¥
; et L ; 17,700 ibs.
—
5/8"'x 20
Dm. Head
1 1/4" x 26" Dm Head

Bolt ASTM A 3285)

& Spiit Rings ‘
/
38" x 15" . o
Dowels @ :\‘\‘:! News § T
1 0.C ~ . 1 :1. T
Top & Bottom, A Sk =k sl N L
3 each ¥/4" x 30" Drive Spikes ‘
One placed at the center of deck thru Check for sepration between
the post and the other two placed deck planks at this joint

on each side of post at centar of deck
TYPICAL CROSS SECTION OF CURB AND RARL

CHECK WITHDRAWAL FORCES IN DECK:
Compute withdrawal resistance of ¥4” x 30" Drive Splkes
R, = Uttimate withdrawal resistance WOOD Handbook, page 76

2

Ry=6,600xG x D x L Where G = Specific gravily = .49, D =, Diameter = .75"
Py= 6,600 48" x 75 1 = 1,188 IbsAin. Ultimate Valus.

Py= 1,188 x (6 + 17 + 17) = 47,520 pounds > 17,700 pounds OK

Compute withdrawal resistance of 3/8” x 15° Deck Dowels
P, = Uttimate withdrawal resistance ~ WOOD Handbook. pege 74

Ry= 6,600 XG XD Where G = Specific gravity = 49, D =, Diameter = .375"
R,= 6600 .4 x .375x 1.0 = 534 ibs/in. UttimataValus.
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semeame=
------

-----
......

-----

Deck Dowel Dimenslons

| f = : ension
== S5 il f‘ 17,700 bs. | 10" r 3 T
' 12 R pe o
i * ! jod r 3 o
ey pee B | 7 oI
18" 3 e 15

_ 4

28.63"

SEITEEEE - 28 S0 (ank | AR .
RN .:\.‘ S _.\\\i NARNRRRNY (P !E l
Point of Rotation 38" dha x 18~
A4 dia x 30™ for Moment in Deck Ring Shank Dowels
Drive Spikas 1-07"0.C. Jop and Botlom
3 sach at post location T;ofeachbowememt
8" of center Drive Spikae withdrawal
and 177 °of other two Splies
Raaslst for withdrawal

TYPICAL CROSS SECTION OF CURB AND RAIL

TABLE NO. 2 (DECK RESISTANCE TO BENDING MOMENT):

TOTAL MOMENT. RESISTING MOMENT TOTAL

DECK | TOBERESIS FROMDOWELS | FROM DRIVE SPIKES | RESISTING.
THICKNESS |  (T~288%P E«R12x4158 |3[{0Ar40x 1,188 MOMET
n inbs n-bs ey nds.

10 683751 435980 : 712800 1211760

1z 71951 . 598,752 55,380 1454012

1 754551 698544 997.520 1,696,464

1 | 789981 798398 1,140,480 1938516

e 825351 898329 1283040 201,168
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€ I Do Hind Bolld
1. PIts Warhwr Bach

i

Shii §

1.147 3 28° Dome Had Bob:
TMA
2 €18 M Plw

3¢t Db Du™d Head Bully (ASTR A X29)°
to FUbb wish e B0l Bolti :

TYPICAL CROSS SECTION OF CURB AND RAIt:

The indicatad foad of 32,000 pounds Is the estimated maximum.
lateral load from a 5,400 pound vehicle traveling at 60 MPH
and striking the rall at 20°.

p=3200xC
TABLE NO. 1 (LOAD ON POST BOLT) B
DECK DIMENSION DIMENSION DIMENSION LOAD ON POST
THICKNESS (T) B-23(T+825  A-B-825" C=2038 +8 BOLTABS)-P
10" 1217 T 25" 85588 |
i 1350 525~ a8 80,308
1< 1483 ase s~ 75976
2 117 197 %55~ 72,391
18~ 1750 925~ s 69,268

NOTE The 1 V4 diameter by 26" Dome Head Balt comnecting the radl post
the curb has a Root Area of 0.890 sq in. and & Tensile Sress Areaof 969 3q. in.
The minimum ylimate stress for A 325 n-appbed ension is 120,000 psi (2570 1" dia bolts).
The minimum ufimate stress for A 325 in applied tension is 105,000 psi. (> 17dia bolt),
The minimum ylimate striess for. A 307 in appled nsion is 80,000 psi-
Allowabie load based on Tenade Stess Ares = 989 x 105000 = 101,175 pounda.
Alowabke load based on Tensle Stress Area = .969x 60,000 « 58,140 poundts.
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Deck Dowel Dimensions

T D E F J
1
o]y ¥ T
1z o J °8
14" ko J 11"
16" ¥ ¥ 13
w | r 3z 15
/4
L b D
e {\; “\W .\\\J[\\\ Al st s guss s / 1
sttt . $5 f::::: Pt Batdot il | b Faunbaren s F T
s \.\in A3 .\\\ SRR -—L
il K E {
Point of Rotation 3"da x 15~
¥4 da x 307 for Moment in Deck Ring Shank Dowels
Drive Spikas ,‘.O"O.C..TOPNB.OGOM
6"'of center Drive Spha withdaval
and 17 °of other two Spikas
Rasist for withdraval
TYPICAL CROSS SECTION OF CURB AND RARL
TABLE NO. 2 (DECK RESISTANCE TO BENDING MOMENT):
TOTAL MOMENT | AESISTING MOMENT TOTAL
DECK | TOBERESISTED] FROMOOWELS | FROM DRIVE SPIKES RESISTING
THICKNESS | (T+2863P E«F 1224158 |3[0/2x40x1,188] MOMET
n nbs nis nta nts
10" 1236,180 498,960 712800 1,211,760
1”7 1,300,160 598752 855,580 1454112
14" 1,364.160. 658,544 997920 1696484
1€ 1,428,160 798,3% 1,140480 1938816
o 1,492,160 894528 1283940 2,181,368
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¥4" Dla. Dome Head Bolts.

R- 4.25° Dia. Plate Washer Top and 4" x 4"
s /

6" x12' Curd

8" x12°x3 -0

Scupper Block o T
Y ' i 1 g
o (23 e:
N 5 B ey 'xa .8t
: 2 2 ‘0
4" Split Rings. 4
. . rve
3 “we ”e [N
2 “e e e
: l::v“ s ,”
: "~ e (BN
R R /
3/4" x 30° et Terrs" svgnd
. [ Y 3 IAs
L4 .8
Splm L4 [X e
2" P A
(24 (A xS
(3 .t “e
“e [ H “e
(2 [5) »e
2444 ”e o”e
2 P X 5"
2.8 e s .
.« or .
IWH ' 'R
uh s e

T o /
PREFAB

: A : DECK PANELS
& ol 17- 4" —>at" of

ELEVATION VIEW
CURB AND SCUPPER
ASSEMBLY DETAIL

Prefab Timber Deck Paneis

NOTE:
The prefabricated deck panels to be dowel.
laminated using 38" x 15" galvanized dowels.

DESIGN NOTES:

Rail posts spaced maxdimum of 8 feet

Tabulated design values for the strength properties of the timber components
ae b be modified where appropriate using Duration-of-Load Fachor (11.85) for
5 minute loading and horizontal shear adjustment factor of 1.67.
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T XA Ooma Hiad BaRi

116474 2 Qoma Hiwd Sohs

scu&‘&%
rn?‘gﬁ-’
42 X IO o Hbad. l
m.
42,000 x 49

72000 e > s - 825

LY Ol Dot Hitied! Bolle (ASTM 'A XZS);
1+ Pibls wawNer Ext: BiRi

TYPICAL CROSS SECTION OF CURB AND RAl

The indicated load.of 60,500 pounds is the estimated maximum.

lateral load.from a 18,000 pound vehicle traveling at 50 MPH
and striking the rail at 20°'with center of mass 49" above bridge deck.

p=12000xC
TABLE NO. 1 (LOAD ON.POST BOLT) B
DECK DIMENSION DIMENSION DIMENSION LOAD ON POST
THICKNESS ). B-23(T 825 A-B-825 C-2038+8 BOLT ¢ BS)~P
L2 1 a8z 255" 192572
w s $25 388 180493
W 143y es8 sar 170945
18 wir 1% 355" 162,746
w 11507 225 L4 155849

NOTE. The t U4 dlameter by 26" Dome Head Bolt connecting the radl post ©
the curb has a RootArea of 0.890 sq. in. and a Tensile Sress Arcaof 93899 in:
The minimum ultimate stess for A 325 in appled ension is 120,000 pai {25 1"dia bolts)'
The arnimum uEmete stress for A 325 in appliad tension is 105,000 pei. {> 1"dia boly.
The minimum wimate strizss for A 307 in applied tension is 80,000 pei
Alowable load based on Tenele Stess Area = 969 x 105,000 = 101,175 pounds.
ARowabie load besed on Tensde Suess Arca = 960 2 60.000 = 58.140 oounds:
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ULTIMATE UNIT STRESSES: Ref. Utinats stmss varms fom page 4-13.
WOOD Handbook. Forast PROGUCTS Laboratory.

Specie - Douglas-fir

Modulus of rupture (R, ) = 12,800 psk:

Modulus of etasticity (E) = 1,970,000 psi
Compresion parallel to grain, max. crushing strength = 7,260 psi

Compression perpandicutar o grain, at portional limit (F..) = 870 pst
Shear paralle! to grain, max. shearing strength.(F, J = 1,380 ps!

RARLING DESIGN:.
8" x 12" Post
Rail post spacing.

E 60" 4ﬁ 60 H 5 0"

eyosferos] N
6" x 10 ¥4" GLULAM RAIL
P

L

72,000 Ibs.
BENDING STRESS COMPUTATIONS: {formu'a from AISC, 8th Ed page 2-124)
Maximum moment = M = %‘& - 183x 72-20"5" 12_ . 1,053,000 In-lbs.

2 2 .
Secﬁonmodum=s=—%§'— -M-:—"—“— -645In

foe 1.02.‘;0: DS - 16,228 pst > 12,800 psl  NOF OK

HORIZONTAL SHEAR:
Check with lcad st 3d'= 14 L = 1.5 from support

v.R._T_z.L@o';_xL'&_ - “.mm



ULTIMATE UNIT STRESSES: Ref.  Uinate stass vatms from pags 4-13.
WOOD Handbaok . Farast Froducts Laboratvy.

Specia - Douglas-fir

Modulus of rupture (f, ) = 12,800 psk:

Modulus of elasticity (E) = 1,970,000 psi
Compresion paralle! to grain, max. crushing strength = 7,260 psl

Compression perpandicufar o grain, at portional limit (Fe) = 870 pst
Shear parallef to grain, max. shearing strength.(F, } = 1,380 psl

RARLING DESIGN:.
8" x 12" Post
Rall post spacing.

ﬁ. 60" ﬁ ﬁ 6 0"

30>y \_
x r‘ » 6" X 10 ¥4" GLULAM RAML:

72,000 jbs.
BENDING STRESS COMPUTATIONS: {formula from AISC,. 8th Ed. page 2-124)
Maximum moment = M = 'gfL = 13"72-20"5" 12_ . 1,053,000 in-bs.

Saction modulus = § = J!L -19165-&—5456'

- 1.053.000319-!3-, 16,326 pst > 12,800 ps  NOT OK
84.5 >

HORIZONTAL SHEAR-
Check with load st 3d'= 1/4 L = 1.5’ from support.

fo-

v-a--—’-"-’i"ﬁ‘;—_’ii‘-’:—-- 54,000 ibs.
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POST DESIGNE.
Check bending momaent at.1 1/4" bolt hole.
Maximum moment = M = 72,000 x 20.38" = 1,467,380 In-Ibs.

Net section of post =8"- 1 14" =6 34"
r a 2 ,
Section modulus. = S = bsd = 875x12" _ 105 in¥

6
M_ _ 1,467,360 In-lbs.
fy= o = X0 S _gasang. <1
O Tt pel. <12,800psi OK
HORIZONTAL SHEAR
V =72,000 ibs.

VvV _3x72,000
v~ 26d ‘27572‘715' = 1,125psl < 1,380 OK
LOAD ON 1 14" POST BOLT-:
Uttimate unit stress for A 325 Steef boit (125" dia.) in tension = 105,000 psi.
Load on bolt ( from sheet 11 Of 16 sheels ) = 192,572 ibs.
Net section required = — 22072 1D8. _ | a3 1. in. »0.959 NOT OKH
105,000 psi:

Tensile Area of 1 1/4” boit = 0.969 5q. In. (AISC, 8th. Ed., paga 4-141)

WASHER DESIGN FOR POST BOLT:
Ty 6 X&
192572168 - 4012 psi > 870 psl. NOT OK
48 9q. in. 012 psl > 870 psl

CURS TO FLOOR SPUT RING CONNECTIORS:
Design Valua/Ultimata Value = 4.0 to 4.5 (paga 7-18 WOOD Handbook)
1. Seasoned lumber 3. Angle of ioad to grain.= 90°
2 Group “B” species 4. Over 3" thick both faces
Altowabia load on 4” split ring connector and /4" boit = 3,360 x 4 = 13,440 Ibs.

Number of bos required = -xab ™ %9494% - 3.13 Boits

Use 4 bolts,  two on.each sida.

CURB TO LOOR BOLTS:
Check bofts in tension ,use ASTM A 325 Bolts

72‘“”"’:";20'38 . . 244,560 pounds to be resisted by bolts
Tenslia Stress Area for Y4" dlamatsr bolt = 0.334 q. In.
Allowabla load for ¥4 dlametsr boft = 120,000 x 0.334 = 40,080 bs. per bol
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5 x 8" x 10 ¥4~ Spacer Block [ —
/—"" — 42,000 Ibs.

<
*
72,000 Ibs.

5872 20"
Dm. Head
. — @
1 1/4"x 26" Dm Head. " x 1T
Balt ASTM A 325) — | \Po-l :
:LZ: 825"
4" Spit Rings. { : ‘ *
%. x 15 ’ "-;. SO Rk A S
Dowsls @ B ) S e s
12 o-c! :‘- —-::::: YL T ‘I-.t St St Sttt Sttt bl st t
Top & Bottom & (84 XN k:::#:ggj R .., l
i ¥ i
3 each ¥4" x 30" Drive Spikes
One placed at the canter of deck thru: Check for sepration between
the post and the other two placed deck planks at this joint
on each sida of post at cantsr of deck

TYPICAL CROSS SECTION OF CURB AND RAIL

GHECK WITHDRAWAL FORCES IN DECK:
Computs withdrawal resistance of ¥4° x 30" Drive Splkes
R, = Uttimate withdrawal resistance WO Handbook, page 7-6

Ry = 8,800 x G-x D x L Where G = Specific gravily = .49, D =, Diameter = .75°
Py=6,000 X .49 x 76 1 = 1,188 fbs An. Ultimate Valua.
Py~ 1,188 x (8 + 17 + 17) = 47,520 pounds > 42,000 pounds OK

Compute withdrawal resistance of 38" x 16° Deck Dowels
P, = Uttimate withdrawal resistance WOOU Handbook page 76

Ry 8,800 x G x D. Where G.= Specific. gravity.= .49 , D =, Diameter. = 375"
Ry= 6,800 X 4F X 375 x 1.0 = 504 lbs.An. UlimateValua.
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Deck Dowef Dimensions

1 D E F
100 k) ko T
12 o ko °2
14° k o ¥y it
- 16" k o Yy ¥
M4 18 F T 5
D
essepsenace adoyed gpeig FI T
r\\\ \SE S NS N j ——% 1
8" 'dia x 18™
g{:\;‘dax:o for Moment in Deck 1:0"0.C. .Top and Boltom
Jeadid‘ past xcation T 'of each Dowe! Resist
8-'of cantar Drive Spis withdravel:
and 177'of other two Spikes
Resist for withdrawval
TYPICAL CROSS SECTION OF CURB AND RARL.
TABLE NO.2 (DECK RESISTANCE TO BENDING MOMENT):
TOTAL MOMENT. RESISTING MOMENT. TOTAL
DECK TOBERESIS FROM DOWELS FROM DRIVE SAIKES RESISTING
THICKN . (Tr2883%P E«P12x4158 | 9{072x 40x 1,788 MOMET
n in-bs nte , nbe. nis
10 2,761,380 438900 712800 1,211,760
1z 2925560 §98752 855380 1454112
1< 3,069,560 633544 937920 1698464
15 3213360 798338 1,140480 1.538316
18 | 3357380 838128 1,283,040 2,581,788




. 8V
Rail Post

5" x8 x 104
Spacer Block

6" x 10 ¥4" Giu

58" x 268" Dome Head Boit
1- Plate Washer Each Boit

arfom

1 1/4" x 26" Dome Head Boit
(ASTM A 325§
2-8"x 8 x 1/4" Plata Washars\

4° Split Ring’
Connectors

¥4" X 30" Dome Head Drive Splkes,. y
Deck Reinforcement at aach Post Location

4" Di
The splke through the post Is at center of deck. i’sng'::
2 Plate w
4.25° Dia.

CROSS SECTION Al
RAIL POST
NOTE:
All timber to be Douglas Fir. The stress grade-
as foflows:

Rail Posts - Post and Timber, Dense Select Structural
81



APPENDIX C: SUMMARY OF RESULTS, TEST WB-1

Test NO. . v v v v v o v o v e e e e e WB-1
Test Date . . . . . « « . . . Sept. 21, 1988
Installation Length - ft [m] . . . . . 72 [22]
Beam
Member . . 6" x 10-3/4" laminated wood
Length - ft [m] . . . . .. 18.0 [5.5]
Maximum Deflections - in. [cm]
Permanent . . . . . .« . . . . 1.5 [3.8]
Dynamic . . . . « .« « . . . 6.3 [16.0]

Post
Details of the posts, blockouts, curb, and

deck are included in Figure 1.

Vehicle . . . . . . « « « .. 1982 V. W. Rabbit
Mass - 1b [kg]

Test Inertia . . . . . . . . 1818 [825]

Dummy . . .« ¢ .« e e e e . . 165 [75]

Gross Test Weight . . . . . 1983 [900]
Speed - mph [km/h} . . . . . . . . 59.2 [95.3]
Angle - degrees

Impact . . . . . . . . ... 20

Exit . . v . e e e e e e e e e e -12.0
Occupant Impact Velocity - fps [m/s]

Forward (accel) . . . . .. -10.6 [-3.2]

Lateral (accel) . . . .. -18.6 [-5.7]
Occupant Ridedown Accelerations - g's

Forward (accel) . . . . . . . .. -0.7

Lateral (accel) . . . . . . . . .. 7.6
Maximum 50 msec Avg Accelerations - g’s

Longitudinal (accel) . . . . . .. -5.0

Lateral (accel) . . .. . . . . .. 8.5
Vehicle Damage

TAD . . o e e e e e e e e e e 01-FR-4

1771 (e O1FREE®6
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TEST WB-1

Barrier Installation
The barrier evaluated in the test was a Glulam Prefabricated Bridge

section. The barrier system consists of 18-ft (5.49 m) long by 7-ft (2.1 m)
wide laminated wood bridge deck panels. The thickness of the deck panels used
in this test was 10 in. (25.4 cm). For this test, 4 panels were used to
construct a simulated bridge 72 ft (21.9 cm) in length. The panels were
positioned and fastened to an existing reinforced concrete deck at the test
site. The curb/scuppers, posts, and rail were attached to the deck according
to the manufacturer’s instructions. Figure 25 presents details supplied by the

manufacturer of the system.

Test Purpose
The purpose of this test was to investigate the dynamic interactions of

the small car with the bridge rail and curb. Goals for this test were: (1)
the vehicle should be smoothly redirected without exhibiting any tendency to
snag or pocket, (2) the vehicle should remain upright throughout the event,
and (3) the vehicle after-collision trajectory should not present undue hazard

to other traffic.

Test Vehicle
The vehicle used in the test was a 1982 Volkswagen Rabbit. Gross test

weight, including the dummy and instrumentation was 1983-1b (900-kg).

Performance
Impact conditions were 59.2 m/h (95.3 km/h) and a 20-degree impact

angle. As shown in figure 26, the vehicle impacted the barrier 29 in. (73.7
cm) downstream of Post 5. The vehicle remained in contact with the barrier
for 12.5-ft [3.8-m] before redirection at a -12.0 degree angle. During the
impact sequence the right front tire/wheel became engaged between the top of
the curb and the bottom of the rail (see figure 27). Measurements of the
tire/wheel path indicated a maximum of 5 in. (13 cm) of lateral engagement.
Since the curb is 12 inches (30.4 cm) wide, there was no propensity for the
wheel to snag on a post during impact. No significant pitch, roll, or yaw was
noted during impact and redirection. The vehicle came to rest 140 ft (43 m)
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downstream of the impact point and 50 ft (15 m) out from the barrier plane.
The vehicle brakes were applied at approximately 100 ft (30 m) after impact.
Table 12 presents after impact vehicle trajectory. Maximum dynamic barrier
deflection observed from the overhead data camera was 6.3 in (16.0 cm).
Measurements of the barrier after the test, tabulated in table 13, showed a
maximum of 1.5 in (3.8 cm) permanent deflection.

Maximum 50 m/s average accelerations from transducer data indicated 50
m/s averages of -5.0 g’s (longitudinal) and 7.6 g’s (lateral). Figure 28
presents a summary of test results. Vehicle kinetics from onboard transducers
is tabulated in Table 14. Plots of vehicle accelerations are presented in
Figure 29. Table 15 presents occupant risk data derived from the on-board

transducers.

Barrier Damage
Damage to the barrier consisted of scuff marks and minor gouging on the

rail and curb. Inspection of the barrier system revealed no fractured posts
or beam members. Observation of the deck showed delamination between the
second and third deck timbers in the impact area. The delamination of the
deck occurred from the location of post 3 to post 9 with a maximum separation
of 0.5 in (1.3 cm) on the top surface of the deck about 3 ft (0.9 m)
downstream from post 6. Maximum separation observed on the bottom surface of
the deck was 0.1-in (0.3 cm). Several drive spikes in the impact affected
area of the deck showed evidence of minor "pullout.”

Vehicle Damage
Damage to the vehicle consisted of sheet metal deformation of the hood,

right front fender, side, and rear fender. The windshield was cracked from
A-pillar deformation. Both right side tires were blown out during impact.
Vehicle damage was considered commensurate with the severity of the impact.
Vehicle damage measurements are contained in table 16.
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10 SPACER -—\ GLU-LAM RAI

10.000#
6_’xl2'CURB— A f
MAX . CURB [~
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4
4@ SPLIT Y "
RINGS N 3
5'X12° ||' [- )
SCUPPER [~ N I
_ﬁ_ 34\ z
S/B.X 30.|\/—————</;j':“’-'—' ?"")
DnHADr Spk I\ N :["“’ oyl | V¥ Y
\I |
8 x12° :
POST j7>4'xl4'FLOOR
Y@ BOLT
a b c
10 " DECK 6.66° 14.91° 30.66°

12°DECK 8’ 16.25° 32°

Figure 25. Barrier construction details, test WB-1.
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Figure 26. Sequential photographs during impact, test WB-1.
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Figure 27. Sequential photographs as viewed from behind the rail, test WB-1.
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Tost Mo,

Length - ¢t () . ...

Maxfmum Deflections - in.

Pormanent

Oyvemic . . . .
Post

140'-0°

r ‘ 2.‘0- ——r
7 5 4 3

50' 0°

L I I T R T ST S

Test Dote . . . o v v vt v v 0 u .
Instalistion Length - ft (m)
Seam

{cm}

L I S

------------

e B ] Angle - degrees
e e s v e e s s« Sept, 21, 1988 IMPOCY .+ . . i .t e e e s e e e e e s s
S N £ 73] Exft . ... 0000

Detalls of the posts, blockouts, curb,

figre 1.

Vehicle . . ... ...
Mess - b (kg)
Test Inertia . . .
Oumy ......
Gross Test Weight
Speed - mi/h (lwh) . .

P Y

« v ..

« ¢ ..

« . e

« s *

6-in (15.2 om) x10-3/4-in (27.3) \aminated wood
s e s e s e 180 [5.5%)

and deck are included in

« o .. 1982 V.4, Rebbit

Occupant lmpact Velocity - ft/s (w/s)
fForward (accel) . . ..
Loteral (eccel)

ce e e e 1.3 03.8)

Occupent Ridedown Accelerstions - g's
e e .. 6.3 (16,0)

Forward (accel)
Laterel (accel)

Heaximum 50 a/s Avg Accelerations - g's
Longitudinal (accel)
Lateral (accel)

. 1818 (825)

P e e s e Vehicle Damege

e e e s w e s s 165 (75) TAD . v o v v i s e s e e
e s e w e s o 1983 (900} VI ..ttt e e e ne s
s e s e . 99.2 9.3

Figure 28. Summary of results, test WB-1.
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\
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Figure 29. Vehicle acceleration plots, test WB-1.
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Table 12. After impact vehicle trajectory, test WB-1.

Location’ Distance®
0 0
10 -0.2
20 1.5
30 3.3
40 5.2
50 9.0
60 10.5
70 12.8
80 16.1
S0 19.8
100 24.5

'Distance measured in the downstream direction with 0 as the point
of impact.

*Measured perpendicular to the barrier plane at the front tire on
the impact side of the vehicle

Note: All dimensions are in feet. 1 ft = 0.305m
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Table 13. Permanent barrier deflections, test WB-1.

Post/location Deflection

3 0.3

4 0.4

5 0.5

6 0.8

7 1.5

8 1.3

9 0.8

10 0.4
11 0.2

Note: A1l dimensions are in inches. 1 ft = 2.54 m
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Table 14. Vehicle kinetics data, test WB-1.

TEST ID ------- wB8-1
TEST OATE ----- 09-21-83
VEHICLE CLASS - FONI
IPACT SFEED --  36.33 FPS

VEWICLE KINETICS SUMMARY
NOTE: VALUES ARE INSTANTANEGUS AT TIM'E

l‘”

NNPR RN
RESRBR

* * o o o o

NRNNDNNN

43358RLRYAS

el
* % s e

SRARSE

bt
REZ

BEMRRRRAS

S

835

TDE ACCEL.(G'S) HEAD.ANG. “ELOCITY(FPS) OIsP
(S) LONG. LAT, OE6 LONG . LAT, X
000 -.30 -.88 20.00 56.83 o0 .00
010 -.97 1.14 19.96 86.8S .. 82
020 -3.04 -.19 13.93 86.76 .14 1.63
030 -3.71 11.24 20.00 86.1S 1.18 2.44
040 -.47 -5.51 19.95 85.24 2.68 3.28
080 -2,48 i1.16 19.88 83.19 4.82 4.06
060 -8.73 10.44 19.69 81.00 6.82 4.8
070 -8.51 8.36 19.28 79.92 8.88 S.64
. 080 .03 10.24 18.69 78.69 i1.28 6.42
. 090 -2.93 5.23 17.84 77.51 12.16 7.49
. 100 -1.89 4.31 16.68 77.32 13.29 7.97
. 110 1.72 9.46 i§.17 6.7 13.63 8.78
.120 -4,60 S.69 13.48 76.27 12.84 9.82
. 130 -2.81 S.09 10.80 76.32 12.09 10.29
. 140 -5.22 .45 9.16 75.67 11.08 11.06
. 180 S.16 8.04 7.54 74.78 10.21 11.82
. 160 3.24 1.32 €.45 75.10 8.65 12.87
. 170 1.27 6.34 3.81 T4,.90 7.92 13.33
. 180 -1.87 4.03 1.89 73.36 5.24 14.07
. 190 4.26 1.37 -.97 73.82 4.87 14.01
. 200 -.30 .68 -1.61 T4.38 3.24 18.88
.210 -1.08 3.67 -3.00 74.36 1.93 16.30
.220 .30 -.74 -4.32 74.09 .28 17.04
. 230 .20 -1.02 -5.64 74.37 -1.41 17.78
.240 - -.19 -6.54 74.38 -3.07 18.82
.280 -3.04 -2.29 ~7.49 74.01 -4,23 19.26
. 260 -1.63 -.97 -8.39 73.83 -5.66 20.00
.270 -1.20 -.24 -2.30 73.83 -6.96 20.74
. 280 1.9% .27 -10.28 74.34 -8.08 21.48
. 290 -3.09 -1.38 -41.18 74.17 -9.24 22.22
. 300 .43 -.38 -12.01 74.02 -10.87 22.97
. 310 -1.87 -2.80 -12.78 74.10 -11.49 23.724
.320 .68 .73 -13.65 73.7% -12.77 24.46
.330 .60 -1.06 ~-14.48 73.82 -13.90 25.20
. 340 i.87 -1.24 -15.31 73.41 -15.41 26.95
. 350 3.13 91 -16.14 73.23 -16.45 26.70
. 360 2.62 1.81 -16.97 73.43 -17.17 27.485
370 3.41 -1.66 -17.83 T2.73 -18.82 28.20
. 380 2.68 .80 -18.68 72.77 -19.84 28.95
.30 .7 -.18 -19.81 72.43 -21.13 29.70
. 400 .93 -.18 -20.36 T1.97 -22.26 30.45
. 410 -.02 -.68 -21.19 T1.69 -23.4) J1.21
. 420 - -.1% -21.95 71.82 -24.82 31.96
.430 .09 -.28 -22.74 71.33 -25.83 32.72
. 440 -1.20 -1.18 -23.82 70.99 -26.83 33.47
. 450 -1.70 -.97 -24.30 70.87 -27.62 34.23
HIGHEST §0.0-MS AVB. ACCEL.

TDE (SEC)

G'S START END

LONG . -5.03 044 .091
LAT. 8.49 .048 .09
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Table 15. Occupant risk data, test WB-1.

TEST OATE ---°-- n9-21-68
VEHICLE CLASS - MONI
IMPACT SPEED -- 86.63 FPS

0-CUPANT RISK SUMMARY
NOTE: INSTANTANEOUS 10 -M5 RAVERAGE RACCELERATIONS

(s=me=- VEHICLE -=~--°" Y(eooomeamwmn- OCCUPANT - --<-=s=~ .w=)
TDE ACCEL. (6°S) ANG . VEL VEL. (FPS) oIsSP. (F)
(S) LONG . LAT. (RAO/S) LONG . LAT LONG . LAT,
. 000 -. 30 -.88 -.07 .00 .00 .00 .00
.010 .17 87 -.02 .08 -.07 .00 .00
,020 ~-1.16 .91 .18 .36 -.81 .00 .00
.030 -3.i5 6.04 .02 .79 -1.28 .01 -.04
080 -2.84 2.63 .13 1.88 -2.96 .02 ..
080 -4.79 7.38 -.32 3.32 -4.41 .08 ..
.060 -6.32 9.61 -.34 S.46 -6.99 .09 -.42
070 -S.45 9.08 -.99 .76 -8.90 .14 -.20
L0890 -2.81 7.96 -1.28 6.71 ~-11.83 21 -.3
L0900 -3.3 8.34 -1.72 7.149 -13.8) .27 -. 44
.100 -3.80 6.90 -2.39 6.46 -15.68 .33 -.69
.410 -2.64 6.99 -2.72 6.49 -17. .38 -77
120 -1.30 6.34x -4.39 4.54 -18.12% .41 -.96%
130 -1.27 s.80 -3.66 4.90 -21.91 .41 -1.48
.140 -4.37 2.7 -2.49 6.87 -24.58 9 -1.499
. 180 -.96 s.28 -3.26 6.00 -25.34 45 ~1.69
.160 -1.92 3.18 -3.88 4.56 -26.43 .43 -1.96
170 -2.47 5.06 -3.32 .27 -28.73 .31 -2.28
180 -4.43 2.26 -2.94 3.96 -30.19 38 -2.56
. 190 .71 1.82 -2.83 3.26 -31.47 34 -2.68
. 200 98 1.62 -2.54 2.72 -32.37 20 -3.81
.210 -.70 .94 -2.46 2.84 -33.10 24 -3.84
. 220 24 -.26 -2.29 2.22 -13.49 i8 -3.00
. 230 .67 -.87 -1.90 1.6 -33.99 11 -4.22
.240 -. 18 -.22 -1.67 1.28 -33.9%0 .08 -4.56
280 -1.39 -.73 -1.89 1,07 -34.12 -.02 -4.90
.260 .08 -. 47 -1.60 .60 -33.90 -.09 -6.24
. 270 .86 .83 -1.68 -.47 -33.69 -. 47 -5.69
280 .54 -.34 -1.37 -1.02 -34.22 -.28 -§.91
290 -.43 -84 -1.49 -1.69 -34.08 -.38 -6.26
300 1.24 -.31 -1.47 -2.20 -33.86 -.50 -6.68
. 340 -.79 -.09 -1.33 -2.73 -34.09 -.61 -6.94
.320 .47 -.33 -1.50 -3.43 -33.6!1 -.75 -7.24
.330 -.0l -.92 -1.34 -3.69 -3.04 -. 89 -7.67
. 340 .43 -.70 -1.50 -4.39 -33.18 -1.04 -7.89
. 380 .63 .83 -1.486 -4.90 -3.19 -3.20 -8.20
360  -.03 ‘oa  -1.47 -5.87 -33.46  -1.37 -8.82
‘370 .93 -1.16 -1.84 -8.08 -32.7%6  -1.86 -0.63
2s0 .66 ‘16 -i.44 -6.75 -32.86  -1.75  -9.13
. 390 -.43 -.83 -1.81 -T.32 -32.47 -1.96 -9.43
. 400 .41 -.A7 -1.44 -7.61 -32.33 -2.18 -9.72
.310 .42 -.44 -1.38 -9.06 -32.39 -2.40 -10.01
. 420 .41 -.43 -1.38 -8.66 -32.03 -2.62 -10.30
. 430 .87 .47 -1.24 -9.23 -3..%7 -2.98 -10.88
. 440 -.286 'un -1.38 -9.74 °31-7. -3.09 ’100“
. 480 -.43 -.07 -1.33 -10.09 -31.99 -3.34 -11.14
OCCUP. RISK FACTORS TDE VELOCITY
(%) (FPS)
»LONG, VEL. AFTER 2.0 FT. oIsP, -- . 460 -10.56
AT, VEL. AFTER 1.0 FT. OISP, -- 122 -18.60
MAX. ACCEL. AFTER OCCUPANT IMPACT TDME(S) acC. (08)
YLONS. RCCELERATION .- . 460 -.69
YLAT. ACCELERATION - . 124 7.62
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Table 16. Vehicle damage measurements, test WB-1.

Before Test

L 52
c-1 2.0
C-2 0.0
C-3 0.0
C-4 0.0
C-5 3.0
C-6 4.0

After Test Crush
52 Not Applicable
2.0 0.0
5.6 5.6
6.0 6.0
7.5 7.5
10.0 7.0
12.1 8.1

Maximum Crush of 12.0 at a location of 15.0 to the right of

vehicle centerline.

Note: A1l dimensions are in inches.

1 in = 2.54 ¢cm
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APPENDIX D: SUMMARY OF RESULTS, TEST WB-2

Test No. . . . . . . . . . ... .. WB-2
Test Date . . . . . . . . .. Sept. 27, 1988
Installation Length - ft [m] . . . . . 72 [22]
Beam

Member . . . 6" x 10-3/4" laminated wood

Length - ft [m] . . . . . . . . 18.0 [5.5]
Maximum Deflections - in. [cm]

Permanent . . . . . . . . .. 2.3 [5.8]

Dynamic . . . . . . . . . .. 8.5 [21.6]
Post

Details of the posts, blockouts, curb, and

deck are included in Figure 1.
Vehicle . . . . .. .. 1984 Ford F150 Pickup
Mass - 1b [kg]

Test Inertia . . . . . . .. 5254 [2383]

Dummy . . . . . .. .. ... 165 [75]

Gross Test Weight . . . . . 5419 [2458]
Speed - mph [km/h] . . . . . . .. 47.5 [76.4]
Angle - degrees

Impact . . . . . .. ... ... ... 20

Exit . . . .. . .00 0. -4.9
Occupant Impact Velocity - fps [m/s]

Forward (accel) . . . . . .. 8.1 [2.5]

Lateral (accel) . . . . .. -17.2 [-5.2]
Occupant Ridedown Accelerations - g’s

Forward (accel) . . . . . . . . .. -1.7

Lateral (accel) . . . . . ... .. 6.9
Maximum 50 msec Avg Accelerations - g's

Longitudinal (accel) . . . . . . .. -3.2

Lateral (accel) . . . . . . .. .. 5.2
Vehicle Damage

TAD . . . . ..., 01-FR-4

vor ... ... 000 L .. O1FREEG6
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TEST WB-2

Barrier Installation
The barrier evaluated in the test was a Glulam Prefabricated Bridge

section. The barrier system consists of 18-ft (5.49 m) long by 7-ft (2.1 m)
wide laminated wood bridge deck panels. The thickness of the deck panels used
in this test was 10 in. (25.4 cm). For this test, four panels were used to
construct a simulated bridge 72 ft (21.9 cm) in length. The panels were
positioned and fastened to an existing reinforced concrete deck at the test
site. The curb/scuppers, posts, and rail were attached to the deck according
to the manufacturer’s instructions. Figure 30 presents details of the system
supplied by the manufacturer. The barrier was the same as that used in test
WB-1. One deck panel with curb/rail was replaced in the impact area to ensure

system integretry.

Test Purpose
The purpose of this test was to investigate the dynamic interactions of

the pickup truck with the bridge rail and curb. Goals for this test were: (1)
the vehicle must not penetrate or vault over the system, (2) the vehicle
should remain upright throughout the event, and (3) the vehicle after-
trajectory should not present undue hazard to other traffic.

Test Vehicle
The vehicle used in the test was a 1984 Ford F150 Pickup. Gross test

weight, including the dummy and instrumentation was 5419-1b (2458 kg).

Performance
Impact conditions were 47.5 m/h (76.4 km/h) and a 20-degree impact

angle. As shown in figure 31, the vehicle impacted the barrier midway between
Post 5 and 6. The vehicle remained in contact with the barrier for 15.0-ft
[4.6 m] before redirection at a -4.9 degree angle. The vehicle showed no
tendancy to snag on the curb or posts during the impact sequence. No
significant pitch, roll, or yaw was noted during impact and redirection.

The vehicle came to rest 130 ft [40 m] downstream of the impact point and 48
feet [15 m] out from the barrier plane. The vehicle brakes were applied at
approximately 100 feet [30 m] after impact. Table 17 presents after impact
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vehicle trajectory. Maximum dynamic barrier deflection observed from the
overhead data camera was 8.5 inches [21.6 cm]. Measurements of the barrier
after the test, tabulated in table 18, showed a maximum of 2.3-inches [5.8 cm]

permanent deflection.

Maximum 50 m/s average accelerations from transducer data indicated 50
m/s averages of -3.2 g’s (longitudinal) and 5.2 g's (lateral). Figure 33
presents a summary of test results. Vehicle kinetics from onboard transducers
is tabulated in table 19. Plots of vehicle accelerations are presented in
figure 34. Table 20 presents occupant risk data derived from the on-board

transducers.

Barrier Damage
Damage to the barrier consisted of scuff marks and minor gouging on the

rail and curb. Inspection of the barrier system revealed no fractured posts
or beam members. Observation of the deck showed delamination between the
second and third deck timbers in the impact area. The delamination of the
deck occurred from the location of Post 3 to Post 9 with a maximum separation
of 0.8 in. [2.0 cm] on the top surface of the deck about 3 ft [0.9 m]
downstream from Post 6. Maximum separation observed on the bottom surface of
the deck was 0.1 in. [0.3 cm]. Several drive spikes in the impact affected
area of the deck showed evidence of minor "pullout."

Vehicle Damage
Damage to the vehicle consisted of sheet metal deformation of the right

front fender, side, and rear fender. The windshield remained intact. The
right front tire was blown out during impact. (Note: The tire remained on the
wheel during redirection but became detached during subsequent vehicle
retreivial from the run-out path.) Vehicle damage was considered commensurate
with the severity of the impact. Vehicle damage measurements are contained in

table 21.
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Figure 30. Barrier construction details, test WB-2.
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Figure 31. Sequential photographs during impact,
test WB-2 (overhead view).
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Figure 32. Sequential photographs,
test WB-2 (view from downstream).
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Table 17. After impact vehicle trajectory, test WB-2.

Location’ Distance®

[
=X ]

+
o

o]
o S
]
WO WO O

MNHOOPPEOCIN —

—
o
o
1
)

'Distance measured in the downstream direction with 0 as the point
of impact.

*Measured perpendicular to the barrier plane at the front tire on
the impact side of the vehicle.

Note: All dimensions are in feet. 1 ft = 0.305m
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Table 18. Permanent barrier defiections, test WB-2.

Post/Location

T OoOWwWONOULT AW

bt s

Note: A1l dimensions are in inches.

Deflection

o
w

O ot bt PO st s ©
VoW wWwULo o

1 in = 2.54 cm
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Figure 33. Summary of results, test WB-2.
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Table 19.
TEST ID --=-<--- wa-2
TEST DATE ~---- 09-27-88
VEHICLE CLRSS - OTHER
IMPACT SPEED - - 869.67 FPS

VERICLE KINETICS SUMMARY
UVALUES ARE INSTANTANECUS AT TIME

Vehicle kinetics data, test WB-2.

NOTE :
TIE ACCEL. (G'S) HERD.ANG. VELOCITY(FPS) OISP. (F)
(S) LONG. LAT. DEG LONG . LAT. X Y
. 000 -.73 .47 20.00 69.67 o0 (e /o] .00
. 010 -.01 .20 19.96 69.45 -.08 .68 .24
020 -. 68 -.08 19.90 69.31 -.17 1.31 .48
030 -.17 -.08 1¢.84 69.23 -.26 1.36 71
. C40 .39 .43 13.78 69.27 -.22 2.61 .95
L OS¢ .08 .57 19.7 62.430 -.09 2.286 1.19
260 -.17 .38 19.74 69.31 -.08 3.91 1.42
. Q70 -.68 .61 19.72 69.30 -.01 4.56 1.66
. 080 -2.24 2.92 19.71 68.7 .68 s.21 1.89
. 090 .80 -~.31 19.74 €8.12 1.23 S.86 2.11
. 100 .0% .87 19.87 67.7% 1.66 5.80 2.32
110 1.87 -7.48 19.92 67.18 1.04 7.14 2.%54
. 120 -1.74 s.08 19.8S 66.64 1.80 7.78 2.76
. 130 -.01 4.16 19.83 65.63 1.62 8.41 2.97
. 140 1.40 -.03 18.99 64.69 1.7 9.03 3.17
. 150 -11.20 .84 18. 48 63.83 1.87 9.68 3.36
. 1860 1.2¢9 €.40 17.86 63.72 2.91 10.26 3.83
70 -5.21 7.20 17.22 62.99 3.88 10.88 3.69
180 -.62 6,23 16.43 62.2¢2 5.18 11.49 3.83
190 -4,89 2.73 15.61 61.18 S.66 12.10 3.95
. 200 -.12 2.82 14.6% 60.24 &.02 i2.70 4.05
210 -3.2% $.13 13.5% S9. 46 6.32 13.30 4.14
220 -4.84 3.93 12.38 S8.38 6.16 13.88 4.21
230 -.68 .14 11.12 §7.68 5.99 i4.47 4.27
. 240 -.68 2.59 9.74 §7.7¢ S.70 18.08 4.32
. 250 -2.47 -4,92 8.27 57.80 4,89 15.62 4.35
. 260 3.43 -2.91 6.87 s7.82 4,86 16.20 4.38
270 .08 12.33% $.37 §7.38 4.90 16.78 4.39
. 280 .84 1.47 3.92 §7.23 4.24 17.3% 4.39
. 290 -2.02 -.49 2.67 g7.12 3.28 17.93 4.38
. 300 -.62 -13.47 1.82 $6.12 1.11 18.49 4.38
. 310 -4.03 -1.40 .44 85.61 -.98 19.08 4.39
. 320 1.82 7.24 -.66 $6.01L -2.03 19.61 4.44
. 330 -1.46 8.99 -1.86 65.92 -1.98 20.17 4.42
. 340 -.90 s.68 -2.82 $6.38 -.98 20.73 4.4)
.3%0 2.42 7S -3.34 $6.37 -. 24 21.30 4.38
. 360 -4.82 1.67 -3.72 $5.82 1,0t 21.8% 4,34
. 370 2.81 2.45 -4.00 §8.37 1.82 22.44 4.29
. 380 1.12 1,90 -4.16 g85.95 2.00 22.96 4.23
. 390 -1.96 -. 12 -4.38 €S.69 2.35 23.82 4.47
. 400 -2.82 -.81 -4.66 86.27 2.19 24.0G7 4,10
. 410 - -.63 -4,94 S4.94 2.14 24.64 4,03
., 420 1.97 1.76 -5.08 S5.08 2.26 25.16 3.96
. 430 -.73 .80 -§.10 S6.06 2.33 28.71 3.9
. 440 -.17 -.12 -§.04 £4.93 2.49 26.25 3.82
. 450 1.42 -2.23 -4.98 86.13 2.29 26.90 3.76
. 460 1.01 -.81 -4,90 £8.29 2.08 27.35 3.68
. 470 -1.63 -1.43 -4.92 €5.19 1.84 27.90 3.612
HIGHEST S0.0-MS AVG. ACCEL.
TIME (SEC)
6’S STRART END
LONG . -3.21 . 180 .230
LAT. .23 . 182 . 202
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Figure 34. Vehicle acceleration plots, test WB-2.
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Table 20. Occupant risk data, test WB-2.

TEST ID ------- we-2
TEST DATE ----- 09-27-88
VEMICLE CLASS - OTHER
IMPACT SPEED -- 69.67 FPS

OCCUPANT RISK SUMMRRY
NCTE: INSTANTANEOUS 10-MS AVERAGE ACCELERATIONS

(===~ VEHICLE ------ (oo QCCUPANT ---vcenc===

TOE ACCEL.. (6'S) PANG.VEL VEL. (FPS) DISP. (F)
s) LONG, LRT. (RAD/S) LONG. LAT. LONG. LAT.
. 000 -.73 .47 -, .00 00 .00 00
010 -.82 -.17 -.06 - 04 .00 00
.020 -.38 -.02 -.10 .33 .04 .00 .00
230 -.04 AT -.09 .42 .08 .01 .00
. 040 .24 .38 -.08 .45 -.02 .04 00
. 060 .19 .39 -.08 .32 -.17 .02 .00
. 060 -.18 .42 -.03 .44 -.20 .02 .00
. 070 -. .80 -.02 .48 -.28 .02 .00
080 -2.30 2.76 -.03 1.02 -.99 .03 -.0L
090 -2.03 .09 .18 1.93 -1.37 .08 -.02
. 100 -.73 .99 .17 2.33 -1.64 .07 -.04
.140 -t.92 -2.42 .0l 2.68 -1.07 .09 -. 08
.120 -2.14 2.45 -.48 2.36 -1.98 .12 -
L1230 -2.02 3.16 -.68 3.04 -2.64 .18 -
140 -2.67 2.26 - 3.68 -3.87 . 47 -. 42
.1580 -1.71 3.08 -.97 4.33 -4.39 21 -.16
.160 -2.60 4.94 -1.24 3.97 -6.38 .25 -.22
170 -2.44 6.3% -1, 4,99 -7.97 .29 -.29
.180 -2.58 £.99 -1.38 §.10 -10.43 .34 -.39
.190 -3.7% 4,00 -1.89 §.78 -12.13 .38 -.81
206 -2.71 3.24 -1.81 6.24 -13.83 43 -.64
.210 -4.06 4.20 -1.96 6.64 -15.56 . 48 -.80
L2200 -1.46 3.23 -2.12 7.27 -16.96x .83 -.97%
.230 -1.74 2.93 -2.32 7.42 -18.45 .68 -1.16
.240 -2.54 .27 -2.4%5 6.83 -19.9% .62 -1.37
. 250 .69 .95 -2.34 6.66 -20.77 .65 -1.59
.260 -1.0C 3.22¢ -2.61 6.13 -22.62 .67 -1.83
.270 -.39 6.4 -2.61 5.83 -24,42 .68 -2.08
280 -1.76 .8% -2.31 6.01 -25.2% .68 -2.3%8
290 -1.69 -.82 -2.07 6.08 -25.S84 .69 -2.62
.300 -3.22 -4,28 -1.99 6.79 -24.67 .70 -2.98
. 310 1.9% -2.58 -1.77 7.23 -23.66 .71 -3.14
320 -1.41 2.62 -1.99 6.01L -24.03 71 -3.39
. 330 1.7 6.04 -2.08 .46 -26.81 .69 -3.65
. 340 .18 §.12 -1.48 6.0, -26.92 .69 -3.93
.30 -1.08 3.7¢ -.39 7.10 -27.65 73 -4.21
L3860 -1.63 4.54 -.82 6.75 -29.6%5 ra-1 -4.80
.37C 1.82 1.92 -.28 .97 -30.2T7 .81 -4.80
. 380 -.09 .91 -.28 7.30 -30.7 .37 -S. 11
390 -1.36 1.33 .41 7.23 -3i.&2 .92 -5.43
L4000 -1.40 .€8 -.863 T.i4 -21.73 .97 -5.78
. 410 -.21 .48 - .40 .72 -31.82 1.01 -5.07
. 420 .82 9O -.13 7.98 -21.8€ 1.08 -6.39
. 830 -.83 .31 .21 8.83 -31.73 1.1 -6.71
. 440 .48 -.22 .08 8.43 -31.94 1.2% «7.03
» 460 .64 -1.22 12 8.38 -31.62 1.34 -7.34
. 360 .23 -.40 .42 8.26 -31.30 1.43 -7.65
. 470 -.98 -1.00 -.09 7.98 -31.28 1.51 -7.97

OCCLP. RISK FRCTORS TDE VELOCITY

(3) (FPS)

JLONG. “EL. ~FTER 2.0 FT. OISP. -- . 48¢C 8,11
JLART., YEL. AFTER 1.0 FT. DISP. -- 221 -17.18

MAX. ACCEL. AFTER OCCUPANT DPACT TIME(S) ACC. (88)
JLONG. ACCELERATION .- . 480 -1.74
YLAT. ACCELERATION .- . 269 6.86
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Table 21. Vehicle damage measurements, test WB-2.

Before Test After Test Crush
L 58 58 Not Applicable
C-1 0.4 0.3 -0.1
C-2 0.8 3.3 +2.5
c-3 0.0 2.5 +2.5
C-4 0.0 4.0 +4.0
C-5 0.0 7.1 +7.1
C-6 1.5 11.5 +10.0

Maximum crush of 15.8 at a location of 25 to the right of vehicle
centerline.

Note: A1l dimensions are in inches. 1 in = 2.54 cm
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APPENDIX E: SUMMARY OF RESULTS, TEST KM-1

Test No. . . . . . . .« o v o .o KM-1
Test Date . . . . . . . . . .. Nov. 18, 1988
Installation Length - ft (m] . . . . . 69 [21]
Beam

Member 9-by 10-in [25.4 cm by 22.8 cm]
.......... reinforced concrete

Length - ft [m] . . . . 2 @ 24(7.3) and
1@ 16(4.9)

..............

Maximum Deflections - in. [cm]

Permanent . . . . . . . . . . .. none
Dynamic . . . . . . . . . .. .. none
Post
Details of the posts, blockouts, curb, and
deck are included in figure 35.
Vehicle . . . . . . . .. .. 1982 Honda Civic
Mass - 1b [kqg]
Test Inertia . . . . . . . . 1825 [827]
Dummy . . . . . .. . ... 165 [75]
Gross Test Weight . . . . . 1990 [902]
Speed - mph [km/h] . . . . . . .. 51.0 [82.0]
Angle - degrees
Impact . . . . .. . ... .. .. 20.5
Exit . . . .. . ... ... -3.7

Occupant Impact Velocity - ft/s [m/s]
Forward (accel) . . 10.6 [3.2]/9.2 [2.8]
Lateral (accel) -15.6 [-4.8}/-16.7 [-5.1]

Occupant Ridedown Accelerations - g's

Forward (accel) . . . . . . . .. -1.1

Lateral (accel) . . . . . .. .. 10.0
Maximum 50 msec Avg Accelerations - g’s

Longitudinal (accel) . . . .. -2.8/-5.4

Lateral (accel) . . . . . . . .. 4.0/8.1
Vehicle Damage

TAD . . . . 0 i i e e 01-FR-4

VWI .. ... .00 0. O1FREE6
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TEST KM-1

Barrier Installation
The barrier evaluated in the test was a Modified Kansas Corral bridge

rail. The barrier system, which consisted of concrete posts, rails and a 6-in
(15-cm) curb, was constructed on a simulated bridge deck. Total system length
was 69 ft (21 m). Figure 35 presents details of the system tested.

Test Purpose
The purpose of this test was to investigate the dynamic interactions of

the small car with the bridge rail and curb. Goals for this test were: (1)
the vehicle should be smoothly redirected without exhibiting any tendency to
snag or pocket, (2) the vehicle should remain upright throughout the event,
and (3) the vehicle after-collision trajectory should not present undue hazard

to other traffic.

Test Vehicle
The vehicle used in the test was a 1982 Honda Civic. Gross test weight,

including the dummy and instrumentation was 1990 1b (902 kg).

Performance
Impact conditions were 51.0 m/h (82.0 km/h) and a 20.5-degree impact

angle. As shown in figures 36 and 37, the vehicle impacted the barrier midway
between posts 7 and 8. The vehicle remained in contact with the barrier for
13.8 ft (4.2 m) before redirection at a -3.7 degree angle. During the impact
sequence the right front tire/wheel became engaged between the top of the curb
and the bottom of the rail and the wheel hub contacted post 8. Although post
8 exhibited minor gouging, observation of the test film showed no significant
snag potential. The vehicle remained stable during impact and redirection.
The vehicle came to rest 150 ft [46 m] downstream of the impact point and 10.5
ft [3.2 m] out from the barrier plane. The vehicle brakes were not applied
after impact. Table 22 presents after impact vehicle trajectory. The barrier

did not deflect during impact.
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Film data indicated maximum 50 m/s averages of -2.8 g’s (longitudinal)
and 4.0 g’s (lateral). Maximum 50 m/s average accelerations from transducer
data indicated -5.4 g’s (longitudinal) and 8.1 g’s (lateral). Figure 38
presents a summary of test results. Vehicle kinetics from film and onboard
transducers are tabulated in tables 23 and 24. Figure 38 contains photographs
of vehicle and barrier damage. Plots of vehicle accelerations are presented
in figure 39. Tables 25 and 26 present occupant risk data derived from film

and the on-board transducers.

Barrier Damage
Damage to the barrier consisted of cosmetic scuff marks on the rail and

curb. Minor gouging was noted on post 8. Inspection of the barrier system
revealed no fractured posts or rail members. The barrier was considered as

undamaged.

Vehicle Damage
' Damage to the vehicle consisted of sheet metal deformation of the hood,

right front fender, side, and rear fender. The right front tire was blown out
during impact and the A-frame was displaced rearward to the fender well.
Vehicle damage was considered commensurate with the severity of the impact.
Vehicle damage measurements are contained in table 27.
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Figure 36. Sequential photographs during impact,
test KM-1 (overhead view).
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ez

Figure 37. Sequential photographs,
test KM-1 (view from downstream).
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Table 22. After impact vehicle trajectory, test KM-1.

Location' Distance?
0 0
10 -0.2
20 0.8
30 1.5
40 2.3
50 3.2
60 4.0
70 4.8
80 5.6
90 6.3
100 6.9

'Distance measured in the downstream direction with 0 as the point
of impact.

“Measured perpendicular to the barrier plane at the front tire on
the impact side of the vehicle.

Note:

A1l dimensions are in feet. 1 ft = 0.305 m
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Table 23. Vehicle kinetics data (film), test KM-1.

KINETICS SUMMARY--FRON FILM ANALYSIS

VEHICLE

TIME ACCEL. (G'S) HEADING  VEL. (FPS) pISP. (F)

(S) LONG. LAT. ANG.(DEG) LONG. LAT. Y
.000 -2.77 3.51 20.81  74.7% 3.18 .99 -4.67
J010 -2.84 3.66 20.05 73.87 3.74 1.69 -4.45
J020 -2.87 3.78 19.49 72.99 .21 2.40 -4.2¢
.030 ~-2.88 3.87 18.82 72.12 .60 3.10 -4.04
040 ~-2.85 3.93 18.06 71.26 .91 3.79 -3.86
‘080 -2.80 3.96 17.22 70.42 5.13 4.48 ~3.69
‘060 -2.74 3.97 16.29 69.61 s.28 5.17 -3.54
‘070 =-2.65 3.95 15.30 68.8¢ .36 5.85 =3.40
‘080 -2.5% 3.90 14.28 6s.10  S5.37  6.53 -3.28
090 -2.43 3.84 13.15 67.40 S.32 1.20 ~-3.17
2100 -2.31 3.75 12.02 66.74 .21 7.86 -3.08
“110  -2.18 3.64 10.85 66.12 5.06 8.52 -3.00
120 ~-2.08 3.82 9.67 65.54 .85 9.18 -2.93
S330  -1.91 3.37 6,49 65.00 4.61 9.83 -2.87
“340 ~-1.78 3.21 7.30 64.50  4.33 10.48 -2.83
‘1s0 ~-1.65  3.04 6€.13 64.04 4.03 11.12 =-2.79
.60 -1.53 2.86 4.98 63.60 3.70 11.76 -2.77
170 -1.41 2.66 3.87 €3.20 3.35 12.40 -2.76
‘180 -1.30  2.45 2.79 62.82 2.99 13.03 -2.75
‘190 -1.20  2.24 1.7 62.46 2.61 13.65 =-2.76
‘200 -1.11 2.03 .77 62.13 2.23 14.28 =-2.77
210 ~-1.02 1.81 -.15 61.82 1.86 14.90 <-2.78
220 -.94 1.59 -1.01  61.53 1.48 15.51 -2.81
.230 -.87 1.37 -1.80 61.26 1.11  16.13 =-2.83
.240 -.81 1.16 -2.81 61.00 136 16.74 -2.87
.250 -.7% .95 -3.1%5 60.76 41 17.3% =-2.90
260 -.70 .75 -3.72 60.%53 ‘09 17.9%5 -2.94
.270 -.65 .85 “e.21 e0.31  -.22 18.35 -2.98
280 -.60 .37 Ce.62 60.11  -.%1 1%.15 -3.09
290 -.55 .19 -4.96 59.92 -.77 19.75 =3.07
.300 -.5 .03 -5 22 $9.74 ~-1.01 20.35 -3.11
.310 -.47 -.12 Ts.42 s9.s8 ~-1.23 20.95 -3.16
.320 -.43 -.26 —5.8s¢ 59.43 -1.42 21.3¢ -3.20
.330 -.39 -.38 5,60 59.30 ~-1.59 22.13 -3.24
.340 -.35 -.49 —5.61 59.18 ~-1.73 22.72 -3.29
.3%0 -.30 -.58 —s.56 %9.08 ~-1.85 23.31 -3.32
.360 -.26 -.65 —5.46 58.99 ~-1.96 23.90 -3.36
.370 -.22 -7 Cs.33  ss.92 -2.04 24.49  -3.40
.380 -.18 -.78 _s.16 ss.s6 ~-2.10 25.08 -3.43
.390 -.13 -.76 —4.97 s8.82 -2.14 25.67  -3.46
.400 -.09 -.76 “e.76 $s.79 -2.18 26.25  =3.49
.410 -.08 =.74 -¢.56¢ 58.78 =-2.20 26.84 -3.52
. 420 -.01 -7 —a.32 58.77 -2.21 27.43 -3.54
.430 .03 -.65 -4.11 58.79 -2.21 28.02 -3.56
.440 .06  =.57 ~3.91 Ss.81 =-2.20 28.61 -3.58
.450 .10 .47 ~3.7¢ Ss.84 =2.19 29.1% -3.60
.460 .13 -.36 -3.s9 ss.es =-2.18 29.78 -3.61
.470 .18 -.23 ~3.48 58.93 =-2.1¢ 30.%7 -3.63
.480 .18 -.08 ~3.41 58.99 ~-2.14 30.96 -3.64
.490 .20 .09 ~3.39 ss.08 ~-2.11 1.5% -3.66
. 500 .21 .27 -3.42 S59.11 ~-2.08 32.14 -3.67
.$10 .23 .47 -3.49 59.18 -2.04 32.74 -3.68
.520 .24 .69 -3.63 59.2% ~-1.99 33.33 -3.70

HIGHEST 50-MS AVG.ACCEL.
TIME (SEC)
G-8 START
LONG. -2.83 .0050 .0550
LAT. 3.96 .0350 .0850
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Table 24. Vehicle kinetics data (transducer), test KM-1.

VEHICLE KINETICS SUMMARY
NOTE: VALUES ARE INSTANTANEOUS AT TIME

TIME ACCEL. (G’S) HEAD.ANG. VELOCITY (FPS) DISP. (F)
(s) LONG. LAT. DEG LONG. LAT. X Y
.000 -3.58 -.09 20.51 74.7% 3.18 .99  -4.67
.010 -.49 2.95  20.22 73.46 4.46 1.70 =4.45
.020 -2.82 10.36 19.77 72.48 6.98 2.40  -4.25
.030 =-12.16 9.51 19.06 71.25 8.23 3.11  -4.08
040 -.97 19.84 18.18 68.45 9.93 3.80 -3.94
.050 -4.61 5.86 17.00 67.00 11.63 4.48  -3.85

060 -.14 8.05 15.55 65.94 11.47 5.15  <=3.77
.070 -3.71 9.75 14.00 65.89 11.21 .81 =-3.71
.080 2.62 -.76  12.45 65.42 9.90 6.48 ~31.67
.090 1.10 .52  10.91 - 65.45% 9.12 7.14  -3.63
.100 -2.27 3.56 9.40 64.81 7.92 7.80 -3.60
.110 .48 1.12 7.98 65.0% 6.51 8.45 -3.57
.120 -.90 5.93 6.59 64.75 5.59 9.10 -3.58
.130 -5.84 7.93 5.27 64.17 6.76 9.75  -3.54
.140 -1.65 1.73 4.14 62.91 8.18 10.39  -3.87
.150 1.79 -1.06 3.27 63.20 8.51 11.02  -3.61
.160 -2.48 2.83 2.48 62.50 7.9% 11.65 -3.66
.170 -1.86 -2.70 1.76 61.93 6.92 12.28  -3.71
.180 .82 .09 1.20 61.75 6.22 12.90  -3.76
.190 -.49 .15 .68 61.40 5.29 13.51  -3.81
.200 .06 -1.98 .24 61.16 4.84 14.13  -3.86
.210 .82  =2.46 -.11 61.25 4.27 14.74  =3.90
.220 -.97 -.03 -.41 61.06 3.91 15.35  -3.94
.230 -.21 -.15 -.70 60.97 3.56 15.96  =3.99
.240 -.90 .03 -1.00 60.92 3.30 16.57  -4.03
.250 -1.65 -.09 ~-1.31 60.69 3.06 17.17  =4.07
.260 -.76 .15 -1.58 60.48 2.78 17.78  -4.12
.270 -.21 .03 -1.84 60.52 2.48 18.38  -4.16
.280 .96 .46 -2.07 60.52 2.26 18.99 -4.21
.290 -.21 -.58 -2.31 60.51 1.97 19.59  -4.25
.300 -.01 -.15  -2.53 60.46 1.72 20.19  -4.29
.310 -.14 -.27  =2.75 60.43 1.52 20.80  -4.34
.320 .82 -.21 -2.9% €0.48 1.31 21.40  -4.38
.330 -.69 .33 -3.16 60.45 1.16 22.00 -4.43
.340 -.62 .33 -3.38 60.26 .89 22.61 -4.47
.350 .68 -.52 =3.87 60.14 .71 23.21 -4.52
.360 .48 -.82 ~-3.74 60.06 .59 21.81  -4.56
.370 2.27 -1.00 ~-3.90  60.08 .40 24.40 -4.61
.380 -1.24 -.18  -4.07  59.94 .10 25.00 ~4.65
.390 .62 .82  =4.22 59.67 -.22 25.60 -4.69

.400 -.76 .88 -4.35  59.66 -.16 26.20 -4.73
HIGHEST 50.0-MS AVG. ACCEL.

TIME (SEC)
G’S START END

LONG. -5.42 .016 .066

LAT. 8.13 .002 .052
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Table 25. Occupant risk data (film), test KM-1.

OCCUPANT RISK SUMMARY -- FROM FILM ANALYSIS

NOTE: AVG.

ACCEL.

FROM VEHICLE VELOCITY CHANGE
RELATIVE VALUES-(OCCUPANT W.R.T. VEHICLE)

FOR PRIOR 0.010 SEC.

CALCULATED

----- == VEHICLE -==wmm==)(=======e OCCUPANT ==cccmaca
TIME ACCEL. (G’S) ANG. VEL VEL. (rps) DISP. (F)
(8) LONG. LAT. (RAD/S) LONG. LAT. LONG. LAT.
. 000 -2.77 3.%1 .36 .00 .00 .00 .00
.010 -2.84 3.66 .38 .63 -. 94 .00 .00
.020 -2.87 J.78 <34 1.32 -1.98 .01 -.02
.030 -2.88 3.87 .33 1.99 -3.02 .03 -.04
.040 ~2.89% 3.93 .32 2.65 -4.15 .08 -.08
. 050 -2.80 3.96 <30 3.a8 -5.32 .08 -.13
. 060 ~-2.74 3.97 .28 3.89 -6.54 .11 -.19
.070 -2.6% 3.95 .27 4.46 -7.80 .18 -. 26
.080 -2.55% 3.9 .35 4.99 -9.08 .19 -.38
. 090 -2.43 3.84 .23 $.47 -10.39 .24 -.45
.100 -2.31 3.78 .21 5.89 -11.70 .28 -.57
.110 -2.18 3.64 .19 6.27 ~-13.03 .33 -.70
.120 -2.05 3.%2 17 6.59 ~-14.34# .38 -. 84
«130 -1.91 3.37» .18 6.86 -135.64 .43 -1.00
.140 -1.78 3.1 13 7.09 -16.92 .48 -1.17
.150 ~1.6% 3.04 .11 7.27 -18.16 .52 -1.36
.160 -1.53 2.86 .09 7.42 -19.36 .87 -1.%6
.170 ~1.41 2.66 .07 7.54¢ -20.51 .61 -1.77
.180 -1.30 2.45 .08 7.63 =21.61 .65 -1.99
.190 -1.20 2.24 .03 7.70 =~22.68% .69 -2.22
.200 -1.11 2.03 .01 7.77 =23.62 .73 -2.47
.210 -1.02 1.81 .00 7.8 <~24.52 - 76 -2.72
.220 -.94 1.59 -.02 7.9 -25.3% .80 ~2.98
<230 -.87 1.37 -.03 7.96 -26.10 .83 -3.25
.240 -.81 1.16 -.04 8.04 -26.78 .87 -3.52
.250 -.75 .95 -.06 8.14 <-27.38 .91 -3.81
.260 -.70 .75 -.06 8.25 -27.9%0 .95 ~-4.09
.270 ~-.65 .55 -.07 $.39 -28.34 1.00 ~4.38
.280 -.60 «37 -.08 8$.54 -28.72 1.08 -4.67
.290 -.55 .19 -.09 8$.72 -29.01 1.11 -4.97
.300 -.51 .03 -.09 $.91 -29.24 1.18 -5.26
.310 -.47 -.12 -.09 9.12 -29.40 1.28 -5.56
.320 ~.43 -.26 -.10 9.34 -29.49 1.33 -5.86
.330 -.39 -.J8 -.10 9.58 -29.52 1.42 -6.16
.340 -.3S -.49 -.10 9.8 -29.49 1.5 -6.45
.3%0 -.30 -.58 -.10 10.08 -29.41 1.62 -6.74
.360 ~.26 -.6% -.10 10.29 -29.28 1.73 -7.03
<370 -.22 -.71 -.09 10.51 -29.11 1.85 -7.32
. 380 -.18 -.75 ~-.09 10.72+ ~28.90 1.98+ -~-7.61
.390 -.13 -.76 -.09 10.91 -28.67 2.11 -7.89
. 400 ~.09 -.76 -.08 11.08 -28.41 2.2% -8.17
-410 -.08 -.74 -, 08 11.22 ~-28.13 2.40 -8.44
. 420 -,01 -.71 -.08 11.32 -27.88 2.54 -8.71
.430 .03 -. 65 -.07 11.40 -237.57 2.69 -8.98
. 440 .06 ~-.57 -.07 11.43 ~-27.30 2.8) -9.24
.450 .10 -.47 -.07 11.43 -27.04 2.98 -9.51
. 460 .13 -.36 -, 06 11.39 -26.81 3.12 -9.77
.470 .15 -.23 -.06 11.32 ~26.62 3.2% -10.03
.480 .18 -.08 -,06 11.20 -26.47 3.37 «10.29
-490 .20 .09 -, 06 11.08 -26.37 3.49 -10.55
. 500 » 314+ .27 -.06 10.8¢ -26.3) 3.59 -10.82
OCCUP. RISK FACTORS TIME VELOCITY
(8) (rps)
<LONG. VEL. AFTER 2.0 FT. DISP., -~ .381 10,78
- -.130 -15.64

<u’.

VEL. AFTIR 1.0 FT. DISP.
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Table 26. Occupant risk data (transducer), test KM-1.

OCCUPANT RISK SUMMARY
NOTE: INSTANTANEOUS 10-MS AVERAGE ACCELERATIONS

(-=--- VEHICLE ------ ) (m=mmmmomme- OCCUPANT =--==-=-==== )
DISP. (F)

TIME ACCEL. (G’S) ANG.VEL VEL. (FPS)
LONG. LAT. (RAD/S) LONG. LAT. LONG. LAT.

(s)
.000 -3.58 -.09 -.39 .00 .00 .00 .00
.010 -~.90 6.86 -.63 1.00 -1.39 .01 -.01
.020 -4.19 8.98 -.96 1.59 -4.10 .02 -.03
.030 -8.82 7.16 -1.18 2.56 -6.04 .03 -.08
.040 -6.75 12.07 -1.727 4.63 ~-8.20 .07 -.15
050 =5.33 4.35 -2.63 4.98 <~10.45 .11 -.25
.060 <=1.76 5.54 -2.49 6.14 =~12.36 .16 -.37
.070 -1l..11 3.13 -2.81 5.66 =13.7%5 .21 -.51
080 ~1.97 2.38 -2.70 6.08 -14.61 .25 -.66
.090 <~1.66 2.77 -2.77 5.73 -15.75 .29 -.82
.100 -1.03 -.94 -2.69 6.18 <-16.61#* .33 -.99%
.110 -.71 l1.88 -2.28 6.14 -17.51 .36 -1.17
.120 ~-1.61 $.04 -2.37 5.97 -18.28 .39 -1.35
.130 -4.82 9.59* -2.13 6.47 =~21.42 .42 ~1.56
.140 -1.11 6.40 -1.80 7.79 =24.67 .46 -1.80
.150 ~-.15 1.45 -1.38 7.73 -26.60 .51 -2.07
.160 -3.00 .79 -1.42 8.11 -26.99 .56 -2.34
.170 ~-1.64 -1.78 -1.03 8.91 =27.32 .61 -2.62
.180 -.41 -.21 -.94 8.98 -27.43 .67 -2.90
.190 -1.72 .05 -.88 9.20 -27.22 .74 -3.18
.200 -.01 -1.27 -.67 9.52 =27.%7 .80 -3.46
.210 -.28 -.18 -.57 9.42 -27.55 .88 -3.74
220 -.68 .29 -.46 9.62 -27.70 .95 -4.02
.230 .00 -.28 -.52 9.51 <27.64 1.03 -4.30
.240 -.46 37 ~-.53 9.41 <-27.74 ° 1.10 -4.59
.250 -.77 .26 -.51 9.5¢ -27.90 1.17 -4.87
.260 -.29 -.04 -.46 9.69 -28.02 1.24 -5.15
.270 .08 .12 -.42 9.59 -28.08 1.31 -5.44
.280 -.07 -.25 -.41 9.48 -28.16 1.39 -5.73
.290 -.20 -.10 ~.41 9.38 -28.16 1.45 -6.01
.300 -.05 .16 -.38 9.37 -28.23 1.%2 -6.30
.310 -.05 -.01 -.37 9.31 -28.29 1.59 -6.59
.320 .29 .14 -.34 9.20 -28.38 1.66 -6.88
<330 -.49 -.05 -.38 9.08 -28.43 1.73 -7.17
.340 -.60 .05 -.36 9.19 -28.45 1.79 -7.46
.350 .11 ~.05 -.31 9.28 -28.56 1.86 -7.75
.360 -.59 .15 -.30 9.28 -28.67 1.93  -8.04
L3700 -=.09  =.17  -.27  9.23+ -28.71 2.00+ -8.34
.380 -.45+ -.35  -.28  9.27 -28.59 2.06 -8.63
.390 -.56 .09 -. 24 9.51 -28.51 2.1)3 -8.92
.400 -.36 .46 -.22  9.48 -28.74 2.21  -9.21
OCCUP. RISK FACTORS IINE  VELOCITY
(s) (FPS)
>LONG. VEL. AFTER 2.0 FT. DISP. -- -370 9.18
>LAT. VEL. AFTER 1.0 FT. DISP. -~ .101 ~16.69
MAX, ACCEL. AFTER OCCUPANT IMPACT TINE(S) ACC. (GS)
>LONG. ACCELERATION -~ .38 -1.13
SLAT. ACCELERATION - an 9.99
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Table 27. Vehicle damage measurements, test KM-1.

Before Test After Test Crush
L 48 48 Not Applicable
C-1 1.3 4.0 2.7
C-2 0.0 2.8 2.8
C-3 0.0 -0.8 +0.8
C-4 0.0 8.8 8.8
C-5 0.3 8.5 8.2
C-6 0.3 10.0 9.7

Maximum crush of 10.5 at a location of 22 to the right of vehicle
centerline.

Note: All dimensions are in inches. 1 in = 2.54 cm
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APPENDIX F: SUMMARY OF RESULTS, TEST KM-2

Test No. . . . . . . . . . .. KM-2
TJest Date . . . . . . . . . ... Aug. 17, 1989
Installation Length - ft[m] . . . . . . 69 [21]
Beam
Member . . 9- by 10in. [25.4cm by 22.8cm]
Length - ft[m}] . . . .. 2 @ 24(7.3) and
.............. @ 16(4.9)

Maximum Deflections - in [cm]
Permanent . . . . . . . . ... ... none
Dynamic . . . . . . . . . . . . . .. none

Post
Details of the posts, curb, and deck are

included in figure 40.

Vehicle . . . . . . . .. 1983 Ford F150 Pickup
Mass - 1b [kg]

Test Inertia . . . . . . .. 5245 [2379]

Dummy . . . . . . . . ... ... 165 [75]

Gross Test Weight . . . . . . 5410 [2454]
Speed - mi/h [km/h} . . . . . . .. 46.6 [75.0]
Angles - degrees

Impact . . . . . . ... ... ... 20.0

Exit . . . . .00 0.0 -2.4
Occupant Impact Velocity - ft/s [m/s]

Forward (film/accel) 2.3 [0.7]/7.2 [2.2]

Lateral (film/accel) . . . . -18.2 [5.5)/

............. -21.3.3 [-6.5]

Occupant Ridedown Accelerations - g’s

Forward (accel) . . . . . . . . . . .. *

Lateral (accel) . . . . . . . . . .. 9.7

’

Maximum 50 msec Avg Accelerations - g
Longitudinal (film/accel) . . . -2.7/-3.4

Lateral (film/accel) .. . . .. 4.9/8.8
Vehicle Damage

TJTAD . . . . . . ... 01-FR-4

WI............... O1FREE6
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TEST KM-2

Barrier Installation
The barrier evaluated in the test was a Modified Kansas Corral bridge

rail. The barrier system, which consisted of concrete posts, rails and a 6-in
(15-cm) curb, was constructed on a simulated bridge deck. Total system length
was 69 ft (21 m). Figure 40 presents details of the system tested.

Test Purpose
The purpose of this test was to investigate the dynamic interactions of

the pickup truck with the bridge rail and curb. Goals for this test were: (1)
the vehicle must not penetrate or vault over the system, (2) the vehicle
should remain upright throughout the event, and (3) the vehicle
after-collision trajectory should not present undue hazard to other traffic.

Test Vehicle
The vehicle used in the test was a 1984 Ford F150 Pickup. Gross test

weight, including the dummy and instrumentation was 5419-1b (2458 kg).

Performance
Impact conditions were 46.6 m/h [74.9 km/h] and a 20.0-degree impact

angle. As shown in figure 41, the vehicle impacted the barrier 0.8 ft 0.2 m]
downstream of Post 7. The vehicle remained in contact with the barrier for
15.0 ft [4.6 m] before redirection at a -2.4 degree angle. The vehicle showed
no tendency to snag on the curb or posts during the impact sequence. No
significant pitch, roll, or yaw was noted during impact and redirection. The
vehicle came to rest 190 ft [58 m] downstream of the impact point and 35 ft
[11 m] out from the barrier plane. The vehicle brakes were applied at
approximately 130 ft [40 m] after impact. Table 28 presents after impact
vehicle trajectory. The barrier did not deflect during impact.

Film data indicated maximum 50 m/s averages of -2.7 g’s (longitudinal)
and 4.9 g’s (lateral). Maximum 50 m/s average accelerations from transducer
data indicated -3.4 g’s (longitudinal) and 8.8 g’s (lateral). Figure 43
presents a summary of test results. Vehicle kinetics from film and onboard
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transducers are listed in tables 29 and 30. Plots of vehicle accelerations
are presented in figure 44. Tables 31 and 32 present occupant risk data
derived from film and the on-board transducers.

Barrier Damage
Damage to the barrier consisted of cosmetic scuff marks on the rail and

curb. Minor gouging from wheel contact was noted on the lower edge of the
rail in the impact area. Inspection of the barrier system revealed no
fractured posts or rail members. The barrier was considered as undamaged.

Vehicle Damage
Damage to the vehicle consisted of sheet metal deformation of the right

front fender, side, and rear fender. The front bumper was deformed inward at
the impact area. The right front tire was blown out during impact. Vehicle
damage was considered commensurate with the severity of the impact. Vehicle
damage measurements are contained in table 33.
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Figure 41. Sequential photographs during impact
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Figure 42. Sequential photographs during impact
as viewed from downstream, test KM-2.
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Test No.

L A Angle - degrees
TEBLDOtE . . . L L i i i e e e e ... Mg 1T, 1989 L -
Inatallotion Length - ft M} . ... ............ 6 (1 3 Y B
Somn
Mesber . . . . 9-In (22.8cm)x 10-in (25.4 cm) reinforced concrete Occupant Impect Velocity - fps (w/s)
longth - ft M) . ........ 282 (7.3) end 1 @ 16 (4.9) Fforward (accel) . . .. ... e e e e e 2.3 (0.7/7.2 12.2)
Leateral (mccet) . . . . ... ... . 18,2 {-5.5)/-21.3 (-6.5)
Meximum Defiections - in. {cm)
L T Tl Occupent Ridedown Accelerations - g's
Oynemic . . . . ... .. .. ittt et PONE Forwerd (MCCOL) . . . . L . . e i e e e e e e e e e e .
Fost Lateral (accel) . . . .. e e e e e e e e e e e 9.7
Details of the posts, blockouts, curb, end deck sre included in
tgure 1. Maximum 50 a/s Avg Accelerations - g's
Longitudinel (film/maccel) . . ... .. .. ... e T34
Vehfcle . . . . . ... ... ... ... 1963 Ford F150 Pickup Lateral (film/accol) . . . . . . . .. .o v oo . 49788
Mees - tb (kg) Vehicle Damage
Test lnertfa . . . . . . .. . vttt v e en... SUS (@M L+ 1 B 81
Y & . L i i e e e e ... 165 (M) L, e A {1111
Gross Test Wefght . . . . ... .......... 5410 (24%)
Spoed - i/ Dwvh) . . . . L L L L. .. 6.6 1T5.0)

Figure 43. Summary of results, test KM-2.
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Figure 44. Vehicle acceleration plots, test KM-2.
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Table 28. After impact vehicle trajectory, test KM-2.

Location’ Distance?

—
oo

]
o

o)

o
m.\‘?\mwaNr—O
OUNWPNDWWAEWO W

'Distance measured in the downstream direction with 0 as the point
of impact.

*Measured perpendicular to the barrier plane at the front tire on
the impact side of the vehicle.

Note: All dimensions are in feet. 1 ft = 0.305m
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Table 29. Vehicle kinetics data (film), test KM-2.

pIsP. (F)
X Y

TIME
(3)
000
.010
.020

.030 .

. 040
. 080
.060
.070
. 080
.090
.100
.110
.120
.130
. 140
.150
.160
.170
.180
. 190
.200
.210
.220
.230
.240
.250
. 260
.270
.280
290
.300
+310
.320
.330
. 340
.380
.360
.370
.380
.390
. 400
. 410
.420
.430
440
.450
. 460
.470
.480
.490
.500
.510
.520
.530
.540
.850
.560
.570
.580
.990
. 600
.610
.620
.$30
640
. 650
660
. 670
. 680
. 690

ACCEL. (G'S8) HEADING VEL. (FPS)
LONG. LAT. ANG.(DEG) LONG. LAT.

I et —cemEe weeeaTeme ESooees EE TR L

-1.63 1.04 20.04 €8.31 -2.00
-1.62 1.72 20.03 €7.79 -1.56
-1.59 3.36 19.95 €7.27 -1.01
-1.5%7 2.94 19.77 66.76 -.36
-1.953 3.46 19.50 66.26 .37
-1.48 3.9 19.14 65.78 1.14
-1.43 4.28 18.69 65.32 1.94
-1.36 4.%7 18.15 €4.90 2.75
~1.29 4.79 17.52 64.50 3.58
-1.21 4.90 16.82 64.13 4.32
-1.14 4.96 16.04 63.83 5.05
-1.06 4.94 15.20 63.56 $.70

-.98 4.85 14.30 €3.3) . 6.29

-.92 4.70 13.3¢ 63.1) 6.79

-. 86 4.49 12.38 €2.96 7.19

-.01 4.24 11.3¢8 62.82 7.9%0

-.77 3.95 10.37 62.70 7.71

-.78 3.6 9.3 62.60 7.82
-.74 3.29 .3 62.49 7.83
-.74 2.94 7.34 62.39 7.74
-.76 2.58 6.3¢ 61.28 7.57
-.78 2.22 5.42 62.18 7.32
-.81 1.86 4.53 62.01 7.00
-.84 1.9 3.68 61.85 6.63
-.87 1.21 2.88 61.66 6.21
-.90 .92 2.14 61.46 s$.76
-.92 .63 1.4¢ 61.23 .28
-.93 .42 .88 60.99 4.90
-.93 .22 .39 60.73 4.32
-.92 .07 -.19 60.46 3.88
-.90 -.06 -.62 60.20 3.40
-.86 -.14 -.98 $9.93 2.99

-.81 -.18 -1.29 59.68 2.61
-.7% -.19 ~1.%54 $9.44 2.29
-. 87 -.15 -1.7% 59.22 2.02

-.58 ~-.09 ~1.92 59.02 1.01
-.49 .01 -2.05 58.83 1.66
-.40 .14 -2.15 Ss.71 1.58
-.30 .39 -2.23 58.60 1.56
~.21 45 -2.30 %8.82 1.61
-.13 .64 -3.36 58.47 1.72
-.0% .03 -2.43 S8.44 1.89

.01 1.02 -2.50 58.44 2.11
.08 1.21 -2.%9 58.46 2.38
.08 1.39 -2.71  58.48 2.68
.08 1.58 -2.84 58.52 3.02
.06 1.69 -3.01 $8.53 3.3
.00 1.80 -3.21 58.57 3.73
-.07 1.87 -3.45 58.58 4.08
-.18 1.90 -3.72 58.5% 4.41
-.32 1.88 -4.02 38.50 4.71
~.49 1.2 -4.36 $58.40 4.96
-.69 1.70 -4.72 58.24 .16
-.92 1.93 -5.10 58.01 s.yo
-1.16 1.31 -5.5% 37.72 5.3
-1.42 1.03 -5.90 57.34 5.33
-1.70 .71 -6.30 356.87 $.231
-1.97 .33 -6.68 36.32 $.00
-2.23 -.09 -7.04 53.67 4.6
~2.46 -.53 «7.3%  54.94 4.29
-2.64 «1.04 -7.62 84.14 3.78
-2.7% -1.38 -7.83 53.28 3.17
-2.76 -2.06 -7.96 $2.40 2.46
-2.64 -2.87 -0.01 $1.93 1.67
~2.39 -3.04 -7.97 $%0.72 .80
-1.87 «3.46 -7.84 50.03 -.13
-1.14 -3.78 «7.62 49.3% -1.11
-.12 -3.98 -7.31 4%.24 -2.10
1.34 ~4.00 -6.93 49.%3 «3.06

2.98 -3.79 -6.50 $0.23 -3.9¢
HIGHEST 50-MS AVG.ACCEL.
TIXE (SEC)
G-8 START
LOWG . ~2.68 5950 6450
LAT. 4.8 . 0850 .13%0

-9.80
-8.17
-7.54
-6.91
-6.29
-5.66
-5.04
-4.41
~3.79
-3.16
~-2.53
-1.90
-1.38
-.43
-.02
.61
1.24
1.88
2.9%1
3.13
3.76
4.39
$.01
$.64
6.26
6.87
7.49
8.10
8.7}
.32
9.92
10.52
11.12
1.7
12.30
12.89
13.48
14.07
14.68
15.324
15.82
16.41
16.99
17.%7
18.16
18.74
19.32
19.90
20.49
21.07
21.68
22.23
22.81
23.38
23.95
24.5%2
25.08
25.64
2¢6.19
26.7)
27.27
27.79
28.31
28.83
29.33
29.82
30.32
30.81
31.31
31.8)

-4.90
-4.63
-4.41
-4.18
-3.9%
-3.74
-3.54
-3.3¢
-3.19
-3.04
-2.90
=-2.78
-2.68
-2.59
-2.%2
«2.46
-2.42
-2.39
-2.37
-2.36
-2.36
~-2.37
-2.39
-2.42
-2.44
~2.48
-2.91
-2.5%
-2.5%9
~2.6)
-2.67
-2.7
-2.7%
-2.79
-2.83
-2.87
-2.91
-2.94
-2.98
-3.02
~3.06
-3.10
-3.1%
~3.20
-3.2%
-3.31
-3.37
-3.4)
-3.5
-3.39
=-3.67
-3.7¢
-3.06
-3.96
-4.07
-4.18
-4.29
-4.41
-4.52
-4.6)
~4.7%
-4.83
-4.95
-5.08
-$.1)
-5.30
-5.36
-$.31
-$.38
-5.37
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Table 30. Vehicle kinetics data (transducer), test KM-2.

VEHICLE KINETICS SUMMARY

NOTE:

VALUES ARE INSTANTANEOUS AT TIME

TIME ACCEL.(G’S) HEAD.ANG. VELOCITY(FPS) DISP. (F)
(8) LONG. LAT. DEG LONG. LAT. X Y
.000 .79 .81  20.04 68.31 -2.00 -8.80 -4.90
.010 -5.44 3.99 20.0% 67.81 -1.34 ~8.17 -4.6%
.020 .82 -.80 20.11 67.59 -.91 -7.53 -4.41
.030 -1.63 5.64 20.10 67.83 .45 -6.90 -4.17
.040 1.11  -1.19  19.94 66.91 .63 -6.26 -3.9%
.050 .04 3.14 19.66 67.23 .42 -5.63 =3.72
,060 =10.66 6.03  19.17 65.33 .59 -5.00 -3.81
.070 .45 9.93  18.47 64.95 1.79 -4.39  -3.31
.080 -7.39  11.3% 17.70 64.42 3.86 -3.77  -3.14
.090 -7.32  11.08 16.90 62.20 6.75 -3.15  -3.00
.100 -3.05 8.7 16.08 62.03 9.59 -2.83  -2.90
.110 -.25 3.04  15.10 61.79 10.2%5 ~1.91 -2.83
.120 -2.73 .22 13.97 €1.13  9.68 ~1.29 ~2.78
.130 -.91 4.36  12.77 61.40 5.83 -.67 -2.72
.140 -6.3% 7.5¢ 11.81 61.10 8.23 -.05 -2.68
.150 -2.10 2.12  10.23 60.98 7.06 .56 -2.64
.160 -.9 -.70 8.91 60.89 5.68 1.18  -2.60
.170 3.47 -.76 7.%0 61.32 3.89 1.79 -2.%6
.180 -2.81 1.11 6.04 61.49 1.91 2.40 -2.%2
.190 -.25 5,54 4.60 61.21 3.43 3.01 -2.49
.200 .64 3.24 3.39 61.09 4.08 3.62 -2.48
.210 -2.57 ~4.04 2.29 60.92 2.37 4.23  -2.49
.220 2.74 1.21 1.28 60.19 1.28 4.8¢ -2.48
.230 -4.18 6.52 .30 $9.43 1.32 S.44 -2.49
.240 -1.98  14.43 -.87 £9.85 2.67 6.03 -2.50
.250 -6.07 9.97 ~-1.18 59.73 4.19 6.63 -2.55
.260 -7.23 5.37 -1.853 $8.49 5.23 7.22  -2.61
.270 .73 1.89 ~-1.78 $7.76 5.89 7.80 -2.68
.280 -1.63 3.08 <-1.99 57.89 6.74 8.38 -2.76
.290 -3.20 .19 -2.16 57.53 6.53 8.95 -2.85
.300 -4.08 1.17  -2.31 57.20 6.19 9.52 -2.94
.310 -2.92 2.22 -2.42 £6.90 6.59 10.09 -3.03
.320 -.12 1.57  ~2.47 56.96 6.78 10.66 =3.12
.330 .10 -1.39 -2.4% 56.94 6.91 11.22 -3.21
.340 -1.28 2.45 -2.41 56.88 6.89 11.79 -3.30
.3%50 -.91 .94  <=2.37 56.58 7.12 12.35  -3.40
.360 -1.13 .42  -2.38 56.40 6.95 12.92 -3.49
.370 .10 42 -2.32 $6.37 §.61 13.48  -3.%8
.380 .38 -.30 -2.31 56.31 5.81 14.04  -3.67
.390 -.75 -.14  =2.27 56.22 6.66 14.60 =-3.76
. 400 -1.00 .29 -2.25 $6.17 6.67 15.15  -3.85
.410 .01 “.27  -2.24 55.98 6.73 15,71  -3.94
.420 .01 .02 -2.26 55.93 6.76 16.27 -4.03
.430 .79 .16 =2.28 55.89 6.92 16.82  -4.12
.440 .29 .37  -2.27 56.09 6.93 17.38  -4.21
.450 -.12 .11 -2.28 $6.02 6.94 17.94 -4.30
. 460 -.50 1.07 -2.22 55.96¢ 7.17 18.50 ~4.39
.470 -.62 .45  -2.18 55.84 7.%0 19.05  -4.49
.480 -.62 .29 ~2.12 $5.73 7.64 19.61 ~4.58
.490 .38 1.21  -2.07 55.66 8.04 20.16 -4.68
.500 -.50 1.07 -2.00 55, 54 8.54 20.71  -4.79
.510 -.62 42 -1.92 $5.43 8.79 21.26 -4.89
.520 -.03 .78 -1.83 55.24 9.11 21.81  -5.00
.530 -.%0 1.21  -1.74 58,12 9.49 22.36 -s5.11
.540 .13 .19  -1.6% 54.96 9.80 22.91  -s8.22
HIGHEST 50.0-MS AVG, ACCEL.

' TIME (SEC)
G’s START END
LONG. -3.42 .081 .101
LAT. s.82 .059 .109
132




Table 31. Occupant risk data (film), test KM-2.

OCCUPANT RISK §

NOTE: AVG.

RELATIVE VALUES-

------- VEHICLE =-=======) (======
TIME ACCEL. (G’S) ANG. VEL VEL.
(S) LONG. LAT. (RAD/S LONG.
. 000 ~1.6) 1.04 .35 .00
.010 -1.62 1.72 .35 .35
.020 -1.59 2.36 .35 .68
. 030 -1.57 2.94 .35 .99
. 040 -1.53 3.46 .34 1.27
. 050 -1.48 3.91 .33 1.83
.060 -1.43 4.28 .33 1.76
.070 -1.36 4.57 .32 1.96
.080 -1.29 4.78 .31 2.12
.090 -1.21 4.90 .29 2.2%
.100 -1.14 4.96 .28 2.33
.110 ~1.06 4.94 .27 2.36
.120 -.98 4.85 .25 2.36
.130 -.92 4.70* .23 2.31
.140 ~.86 4.49 .22 2.23
.15%0 -.81 4.24 .20 2.12
.160 -.77 3.95 .18 2.00
.170 -.7% 3.63 .16 1.85
.180 -.74 3.29 .18 1.71
.190 -.74 2.94 .13 1.57
.200 -.76 2.58 .11 1.45
.210 -.78 2.22 .09 1.35
.220 -.81 1.86 .08 1.28
.230 -.84 1.53 .06 1.24
. 240 -.87 1.21 .08 1.3%
.250 -.90 .92 .04 1.30
.260 -.92 .65 .03 1.38
.270 -.93 .42 .01 1.51
.280 -.93 .22 .01 1.67
.290 -.92 .07 .00 1.86
.300 -.90 -.06 -.01 2.07
.310 -.88 -.14 -.02 2.29
.320 -.81 -~.18 -.02 2.52
.330 -.75 -.19 -.03 2.7%
.340 -.67 -.15 -.03 2.97
.350 -.58 -.09 -.03 3.17
.360 -.49 .01 -.04 3.38
.370 -.40 .14 -.04 3.49
.380 -.30 .29 -.04 3.60
.390 -.21 .45 -.04 3.67
. 400 -.13 .64 ~.04 3.69
.410 -.085 .83 -.04 3.67
.420 .01 1.02 -.04 3.61
-"o -05 10’1 ‘uos 3-’2
. 440 .08 1.39 -.0% 3.38
. 450 .08 1.55 -.09 3.22
. 460 .06 1.69 -.08 3.03
.470 .00 1.80 -.06 2.84
.480 -.07 1.87 -.06 2.64
-490 -.18 1.90 -.06 2.44
. %500 -.32 1.88 -001 2.27+
OCCUP. RISK FACTORS
<LONG. VEL. AFTER 2.0 rr. DISP.
<LAT. VEL. AFTER 1.0 FT. DISP.

UMMARY -- FROM FILM ANALYSIS

ACCEL. FOR PRIOR 0.010 SEC. CALCULATED
FROM VEHICLE VELOCITY CHANGE

(OCCUPANT W.R.T. VEHICLE)

-- OCCUPANT ----==--= -)
(PPS) DISP. (F)
. LONG. LAT.
.00 .00 .00
-.61 .00 .00
-1.44 .01 -.01
-2.48 .02 -.03
-3.71 .03 -.06
-5.10 .04 -.11
-6.63 .06 -.17
-8.26 .07 -.24
-9.98 .09 -.33
-11.74 .12 -.44
-13.52 .12 -.87
-15.30 .14 -.72
-17.05% .15 -.88¢
-18.74 .16 ~-1.06
-20.38 .16 -1.26
-21.88 .16 -1.47
-23.29 .15 ~1.70
-24.59 .14 -1.9%
-25.75 .12 -2.20
-26.78 .09 ~-2.46
-27.67 .06 ~-2.74
-28.42 .03 -3.02

-29.03 -.01 -3.31
-29.52 -.05 -3.60

-29.89 -.08 -3.90
-30.15 -.12 -4.19
=-30.30 -.16 ~4.49
-30.38 -.20 -4.80
-30.37 -.23 -5.10
-30.31 -.26 -5.40
-30.21 -.28 -5.70
-30.08 -.29 -6.00

-29.93 -.30 -6.30
-29.78 -.30 -6.60
-29.65 -.30 -6.89
-29.54 -.29 -7.19
-29.47 -.27 -7.48
-29.45 -.2% -7.77
-29.49 -.23 -8.07
-29.5%9 -.230 -8.36
-29.77 -.18 -8.66
-30.02 -.18 -8.96
«30.3% -.12 -9.26
-30. 7% -.10 ".57
-31.2) -.09 -9.88
-31.77 -.08 -10.19
«32.36 -.08 -10.51
'33-01 -.09 ‘10.“
-33.68 -.10 =-11.17
=34.37 -.13 =11.51
-35.07 -.17+ ~11.86

TIME VELOCITY

(8) (rps)
- .500 2.27
- . 121 -18. 1,




Table 32. Occupant risk data (transducer), test KM-2.

OCCUPANT RISK SUMMARY
NOTE: INSTANTANEOUS 10-MS AVERAGE ACCELERATIONS

(====- VEHICLE --=~-=--- Y(-=~mmmeeee OCCUPANT ~~-vevocom-= )
TIME ACCEL. (G’S) ANG.VEL VEL. (FPS) DISP. (F)
(s) LONG. LAT. (RAD/S) LONG. LAT. LONG. LAT.
.000 .79 .81 -.01 .00 .00 .00 .00
.010 -1.09 2,03 .04 .56 -.60 .00 .00
.020 ~-1.20 1.59 .08 .84 -.90 .01 -.01
.030 .06 4.4) -.15 .30 -2.54 .02 -.03
.040 ~-1.46 -.35 -.34 .98 -3.14 .02 -.06
.050 -2.66 1.58 -.68 .22 -3.66 .03 -.09
.060 ~6.58 3.78 -1.00 1.70 -4.78 .03 -.13
.070 .31 8.36 -1.36 1.%9 ~7.24 .05 -.19
.080 -4.58 10.46 -1.36 2.07 -10.22 .07 -.28
.090 -1.70 10.51 -1.37 4.19 ~14.09 -10 -.40
.100 ~-2.55 9.67 -1.60 3.99 -18.16 .14 -.57
.110 -.94 3.14 -1.84 3.81 -20.26 .16 -.76
.120 -1.42 1.15 -2.07 4.01 ~-21.30+ .19 =97
.130 42 2.43 -2.19 3.38 -22.02 .20 -1.19
.140 -.23 1.85 -2.19 3.43 -22.90 .20 ~1.42
.150 -1.94 .10 -2.22 .22 -23.27 .20 -1.66
.160 -.94 -.36 -2.40 2.76 -23.63 .19 -1.90
.170 .25 -1.3% -2.81 1.80 -23.60 .16 -2.14
.180 -.07 4.30% -2.54 1.14 =23.38 .12 -2.38
.190 -.57 7.84 -2.27 1.27 -26.20 .07 -2.6)
.200 -.62 2.04 -2.00 1.29 -27.92 .02 -2.90
.210 ~-1.42 -2.81 -1.87 1.20 -27.27 -.02 ~-3.18
.220 =2.23 .23 -1.7% 1.67 -27.16 -.06 ~3.45
.230 =2.06 4.41 -1.64 2.15 -28.19 -.11 -3.72
.240 2.55 8.30 ~1.31 1.76 =30.12 ~-.14 ~4.01
.2%50 =2.39 4.51 -.79 2.25 -31.6% -.17 -4.32
.260 =-2.77 4.30 -.57 3.61 -32.85 -.17 -4.64
.270 -2.68 2.47 ~.28 4.45%5 -33.58 -.15 -4.97
.280 .80 2.20 -.29 4.34 -34.55 -.12 -5.31
.290 -2.13 -.64 -.30 4.60 -)4.%2 -.10 -5.65
.300 .01 .04 -.24 4.93 -~34.29 -.06 -6.00
.310 -.92 1.71 -.16 $5.28 -34.72 -.02 -6.34
.320 .39 .68 -.0) $.36 =34.81 .02 -6.69
.330 .09 -.78 .07 5.51 -34.80 .08 -7.04
.340 ~.96 .70 .08 $.56 <34.76 .14 -7.39
.3%0 -.48 .18 .04 5.88 -34.96 .20 -7.74
.360 -.57 ~1.28 .05 6.07 -34.76 .26 -~8.08
.370 .29 -.06 .03 6.09 -34.42 .3 ~8.43
.380 -.70 -.08 .04 6.17 -34.59 -39 -8.77
.390 -.28 ~.20 .05 6.29 -34.38 .46 -9.12
.400 ~.21 .15 .05 6.35 -~34.37 .53 -9.46
.410 -.37 .05 -.01 6.47 -34.49 .59 -9.81
.420 -.27 .34 -.08 6.46 -34.58 - .65 =10.15
.430 - 49 .28 -.01 6.54 -34.72 .72 ~-10.50
.440 .25 -.12 .04 6.40 -34.67 .78 -10.85
.450 -. 42 .31 .04 6.49 -34.65 .85 -=11.19
.460 -.25 .94 .05 6.58 -34.83 .92 ~-11.54
.470 -.30 .56 .08 6.76 ~35.08 1.00 -11.89
.480 -.24 .48 .11 6.92 -35.13 1.08 -12.24
.490 =.37 1.38 .08 6.99 -35.50 1.16¢ -12.59
.500 -.19 1.03 .14 7.21 -35.87 1.24 -12.95
OCCUP. RISK FACTORS TIME VELOCITY
s (FPS)
>LONG. VEL. AFTER 2.0 FT. DISP. -~ .500 7.21
131 -21.31

>LAT. VEL. AFTER 1.0 FT. DISP. --

MAX. ACCEL. AFTER OCCUPANT IMPACT TIME(S) ACC. (G8)

>LAT. ACCELERATION

- <186 9.65
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L
C-1
C-2
c-3
c-4
C-5
C-6

Table 33. Vehicle damage measurements, test KM-2.

Before Test
56
2.0
1.0
0.0
0.0
1.0
2.0

After Test

56
3.8

5.5

4.0

3.5
15.6
14.0

Crush
Not Applicable
1.8
4.5
4.0
3.5
14.6
12.0

Maximum crush of 16.0 at a location of 25.0 to the right of
vehicle centerline.

Note:

A1l dimensions are in inches.

1 in = 2.54 cm
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