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CHAPTER 1: INTRODUCTION

Objectives of the study were to develop safer bridge rail and transition designs and to
improve design guidelines. '

At the beginning of the study, the 13th edition (1983) of AASHTO’s Standard

4Speczﬁcations Jor Highway Bridges and NCHRP Report 230 were the current documents

governing design and testing of bridge railings and transitions.®» FHWA was in the process
of developing enhanced guidelines for designing and testing bridge railings. That effort was
completed in 1989 and resulted in Guide Specifications for Bridge Railings (1989).9) Two
additional research studies related to this subject were performed during this time period.

hey(wa) an NCHRP study to revise testing procedures and requirements in NCHRP Report
230 (NCHRP Project 22-7) and a study to evaluate the warrants portion of the 1989 guide
specifications (NCHRP Project 22-8).%49

Also, during this time, NCHRP study 12-33 to develop Load and Resistance Factor
Design (LRFD) bridge design specifications and commentary was performed.©

In this collective work, many sets of requirements for designing, testing, test
procedures, test vehicles, and performance (or service) levels were proposed and considered.
As a result, not all testing in the study reported herein was performed to a unique set of test
conditions. However, all railing designs were eventually tested to conditions recommended
in the 1989 guide specifications.®

At the beginning of the study, drawings of bridge railing systems being used by all
States were collected by FHWA. More than 160 railing designs (although some were quite
similar) were identified. These designs plus others proposed by research agencies and
private industry were reviewed to obtain background information for use in this study.

i /ff”x ation of many designs were performed by the
panel and the researchers. A tot w ings and 2 transitions were analyzed/designed,
tested, and evaluated in detail. Fhisresal#d in a collection of proven railing/transition
designs which meet requirements of THe 1989 guide specifications.®

Various degrees of analys
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CHAPTER 2. PERFORMANCE LEVELS AND DESIGN REQUIREMENTS

The 1989 guide specifications sets forth three performance levels for bridge railings.®
Those performance levels along with their respective crash test conditions and evaluation
criteria are given in table G2.7.1.3A of that publication which is reproduced in table 1. The
1989 guide specifications was developed over a period of time prior to 1989.® During its
development, many proposed performance levels, defined in terms of test conditions, were
considered. The February 1987 draft of the guide specification included the following
proposed test conditions:

Performance Level One (PL1) 5,400 Ib | 45 mi/h | 20 deg

(2452 kg | 72.4 km/h | 20 deg)
Performance Level Two (PL2) 5,400 Ib | 65 mi/h | 20 deg

(2 452 kg | 104.6 ki/h | 20 deg)
Performance Level Three (PL3) 40,000 Ib | 60 mi/h | 15 deg

(18 160 kg | 96.5 km/h| 15 deg)
Performance Level Four (PL4) 80,000 Ib | 55 mi/h | 15 deg

(36 320 kg | 88.5 km/h | 15 deg)

The 5,400-Ib (2 452-kg) vehicle was a pickup truck. The 40,000-1b (18 160-kg) vehicle was
~ an intercity bus and the 80,000-1b (36 320-kg) vehicle was a tractor with van type trailer.

In January 1988, proposed testing requirements were changed to those shown in the
final version of the 1989 guide specifications (table 1).® Design forces for performance
levels of the 1989 guide specifications are discussed below.® '

For PL1, the test with a 5,400-Ib (2 452-kg) pickup truck traveling at 45 mi/h (72

. km/h) with an impact angle of 20 degrees is used to evaluate the strength and height of a
railing. For these test conditions, the short duration (.050 s) collision force imposed on a
rigid bridge railing is about 30 kips (133 kN). The required minimum beight of the resultant
of resisting force provided by the railing to prevent the vehicle rolling over the railing is at
or somewhat below the center-of-gravity of the test vehicle. Height to the center-of-gravity
of a typical empty pickup is at about 26 in (660 mm) and the empty weight is about 4,600 Ib
(2 088 kg). Onboard instrumentation used in tests increases the weight, and ballast (fixed to
the vehicle) is typically used to adjust the test inertia weight to 5,400 1b (2 452-kg). The
ballast is positioned to provide a center-of-gravity of the total mass at 27 in (690 mm) above
the ground. The recommended design force of 30 kips (133 kN) used for PL1 railings is a
uniformly distributed line force 42-in (1.07-m) long located at least 24 in (610 mm) above
the roadway surface.

For PL2, the test with an 18,000-Ib (8 172-kg) single unit truck traveling at 50 mi/h
(80 km/h) with an impact angle of 15 degrees is used to evaluate the strength and height of a
railing. For these test conditions, the short duration (.050 s) collision force imposed on a
rigid bridge railing is about 56 kips (249 kN). The required minimum height of the resultant
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Table 2. Bridge railing performance levels and crash test criteria.
(Exerpt from 1989 AASHTO Guide Specifications for Bridge Railings)®

TEST SPEEDS—mph'*

" TEST VEHICLE DESCRIPTIONS AND IMPACT ANGLES

o ‘ Medium
Small Pickup *Single-Unit - Van-Type
Automobile Truck Truck Tractor-Trailer*

AN Y W=18Kips = W=54Kips = W=180Kips  W=50.0Kips
PERFORMANCE LEVELS | _ 54001 A=85201' A=12802 A=125=0.5

B=5.5 B=6.5' B=75" B=8.0"
H,=20"%1" He=27"%1"  H,=49"%1" H, = See Note 4
6=20 deg. 6 =20 deg. 6= 15 deg. R=0.61=0.01
- ‘ =15 deg.
PL-1 S50 45
PL-2 | 60 60 50 ;,
PL-3 ' 60 60 50
CRASH TEST . o o
EVALUATION Required a,b,c, §, g a,b,c,d a,b,c a,b,c
- CRITERIA®  Desirable’ e, f,h e,f,g, h d,e, f,h d,e, f,h
sy — —

1. Exoept as noted, all full-scale tests shall be conducted and reported in accordance with the requirements in
NCHRP Report No. 230. In addition, the maximum loads that can be transmitted from the bridge railing
to the bridge deck are to be determined from static force measurements or ultimate strength analysxs and
reported. .

2. Permissible tolerances on the test speeds and angles are as follows:

Speed —1.0mph +2.5 mph
Angle —1.0deg. +2.5deg.

Tests that indicate acceptable railing perfomance but that exceed the allowable upper tolerances will be
accepted.

3. Criteria for evaluating bridge railing crash test results are as follows :
a. The test article shall contain the vehicle; neither the vehicle nor its cargo shall penetrate or go over the
installation. Controlled lateral deflection of the test article is acceptable.

b. Detached elements, fragments, or other debris from the test article shall not penetrate or show potential
for penetrating the passenger compartment or present undue hazard to other traffic.

c. Integrity of the passenger compartment must be maintained with no intrusion and essentially no defor- -
mation. :

d. The vehicle shall remain upright during and after collision. -

e. The test article shall smoothly redirect the vehicle. A redirection is deemed smooth if the rear of the
vehicle or, in the case of a combination vehicle, the rear of the tractor or trailer does not yaw more than
5 degrees away from the railing from time of impact until the vehicle separates from the railing.

f. The smoothness of the vehicle-railing interaction is further assessed by the effective coefficient of friction,

B ® Assessment
0-0.25 Good
0.26-0.35 . Fair
>0.35 Marginal

where .= (cosd — V, /V)/sin8
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- Table 2. Bridge railing performance levels and crash}test criteria.
(Exerpt from 1989 AASHTO Guide Specifications for Bridge Railings)®
: (continued)

g. The impact velocity of a hypothetical front-seat passenger against the vehicle interior, calculated from
vehicle accelerations and 2.0-ft. longitudinal and 1.0-ft. lateral diplacements, shall be less than:

Occupant Impact Velocity—fps
Longitudinal Lateral
30 25

and the vehicle highest 10-ms average accelerations subsequent to the instant of hypothetical passenger
impact should be less than:

Occupant Ridedown Acceleration—g’s
Longitudinal Lateral
18 15
h. Vehicle exit angle from the barrier shall not be-more than 12 degrees. Within 100 ft. plus the length of
the test vehicle from the point of initial impact with the railing, the railing side of the vehicle shall move

no more than 20-ft. from the line of the traffic face of the railing. The brakes shall not be applied until
the vehicle has traveled at least 100-ft. plus the length of the test vehicle from the point of initial impact.

4. Values A and R are estimated values describing the test vehicle and its loading. Values of A and R are
described in the figure below and calculated as follows:

. b 45.0' 6 =205 Ki =1. + Walp + Wy(L, + L)
‘ A___r, | - Min. Load 20f5 Kips A=L+ Wt W, + W,
; ] W - : Li=30"%1" ;
HD‘ or e'ﬂ'.-j— . ‘ 14+%=169”i4" lz:————-__“,l-{,_“'sz-*-‘v3
) K) - -% . . W=Wl+w2+W3+W4+W5
t Tt LEES = total vehicle weight.
Wl Wz W3 W4 WS
ot _ 4.5" Approx. (Rear most setting.)
L L L — H,, (Load) = 92" Approx.

He; (Trailer & Load) =79"+ 1" _
— H,, (Tractor, Trailer, & Load) = 64" = 2"

5. Test articles that do not meet the desirable evaluation criteria shall have their performance evaluated by a
designated authority that will decide whether the test article is likely to meet its intended use requirements.

1mi=1.61kn

1kip = 4.45 kN
lin = 25.4 mm




of resisting force provided by the railing to prevent the vehicle from rolling over the railing
is at or somewhat below the center-of-gravity of the test vehicle. The 1989 guide
specifications requires that the center-of-gravity of an 18,000-Ib (8 172-kg) test vehicle is at
49 in (1.24 m).® A typical vehicle meeting the dimensional specifications weighs about
14,000 Ib (6 356 kg) empty. Ballast is used to adjust the total weight and location of the
center-of-gravity. . The recommended design force of 56 kips (249 kN) for PL2 railings is a
uniformly distributed line force 42 in (1.07 m) long located at least 29 in (740 mm) above
the roadway surface.

For PL3, the test with a 50,000-Ib (22 700-kg) tractor-trailer traveling at S0 mi/h (80
km/h) with an impact angle of 15 degrees is used to evaluate the strength and height of a
railing. For these test conditions, the short duration (.050 s) collision force imposed on a
rigid bridge railing is about 124 kips (552 kN). The required minimum height of the
resultant of resisting force provided by the railing to prevent the vehicle from rolling over
the railing is at or somewhat below the center-of-gravity of the test vehicle. The
recommended design force of 124 kips (552 kN) for PL3 railings is a uniformly distributed
line force 96 in (2.44 m) long located at least 38 in to 40 in (970 mm to 1.02 m) above the
roadway surface. ,

Much of the information used to establish recommended values of design force was
developed in two earlier FHWA research studies.!®!? In those studies, a rigid flat-faced
vertical wall was instrumented with load cells to measure transverse forces during collisions
under various impact conditions. The collision forces recommended in the paragraphs above
for design of railings are based on highest 0.050-s averages of measured forces. It is
recommended that no factor of safety (i.e., load factor = 1.0) be used with the values of
force in.ultimate strength analyses of railings for specified test conditions.

In addition to providing adequate strength, a railing system must provide suitable
geometrics for interaction with the vehicle. Adequate height must be provided to prevent the
vehicle from rolling over the railing. Sufficient frontal area must be provided to adequately
engage the vehicle and provide a smooth redirection without too much snagging and
" longitudinal deceleration.

For solid-faced concrete parapet type railings, these geometric features are obviously
suitable. However, the shape and roughness of the face will influence performance.

For beam and post type railing systems (usually metal railings but some concrete
railings), the frontal area provided must be sufficiently large to prevent the rail elements
from "cutting" into the vehicle too far and allowing the vehicle to snag too much on the
posts. Too much snagging on posts will impose excessive decelerations on the vehicle and
will cause excessive deformation of the vehicle. However, a small amount of longitudinal
deceleration of the vehicle will generally serve to reduce the exit angle of the vehicle.

General relationships that provide some guidance in establishing suitable geometrics
are presented in figures 1 and 2.



C = VERTICAL CLEAR OPENING (in)

S = POST SETBACK DISTANCE (in)

Figure 1. Relationship between vertical clear opening between rail elements
and post setback distance to prevent excessive snagging of vehicle on posts.

ridge rails In” this” orea”
have met NCHRP 230 safel
cvalugtion guidelines.”

NOT RECOMMENDED

X—A— = RATIO OF RAIL CONTACT AREA TO HEIGHT
H
o
>
1

a0 T T T T T T
) 2 4 6 8 10

S = POST SETBACK DISTANCE (in)

Figure 2. Relationship between the ratio of rail contact area and post setback
distance to prevent excessive snagging of vehicle on posts.
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If open spaces between rail elements become larger then post setback distance needs
to be increased to prevent the vehicle from snagging on the posts. However, the relationship
is also influenced by the amount of frontal area provided by the rail elements. Individual
vertical clear openings between rail elements should be less than 10 to 12 in (250 to 300
mm) to prevent excessive snagging of vehicles on posts.



CHAPTER 3. ANALYSIS/DESIGN PROCEDURES

Design forces for the respective performance levels are presented in chapter 2. These
forces with a load factor (or factor of safety) of 1.0 are recommended for use in ultimate .
strength (failure mode) analysis techniques to design bridge railings. Complete detailed
analyses of each bridge railing design are presented in the respective appendixes.

CONCRETE PARAPETS

A yieldline analysis procedure was used for concrete parapet bridge railings and is
summarized here.?” '

The expected yieldline failure pattern for a concrete parapet is shown in figure 3.
Such a failure pattern would be expected for a concentrated load or a uniformly distributed
line load applied transverse to the parapet at or near the top of the parapet.

Ultimate strength of the parapet and dimensions of the yieldline pattern are functions
of magnitudes of the various bending moment strengths. M, is the moment capacity (ft-
kips/ft) of the parapet for bending about a vertical axis. M, is additional moment (in addition
to M,) capacity (ft-kips) that is provided along the top edge of the parapet. M, is the
cantilever moment (ft-kips/ft) at the base of the parapet. An increase in the beam moment,
M,, or the wall moment, M,, serves to increase the length, L, of the yieldline pattern and,
for a given ultimate load, would serve to decrease the magnitude of the cantilever moment
that must be resisted by the bridge deck.

The parapet should be analyzed/designed assuming that the deck has adequate strength
to support the parapet and force the failure pattern to stay within the parapet. Once this has
been accomplished, values for L, M,, and wi will be known. At a vertical section through
the deck along the traffic face reinforcement of the parapet, the load wl can be assumed
distributed over length equal to L. This force becomes an inplane tensile force in the deck.
The deck can then be analyzed/designed to determine its adequacy for resisting the inplane
force and M.

BEAM AND POST RAILINGS

A plastic hinge failure mechanism analysis technique for bridge railings was used for
metal beam and post systems.” Typical failure mechanisms for such railing systems are
shown in figure 4. Equations for computing ultimate load capacities for various lengths of
failure mechanism are:



wh,, = + +

~ Figure 3. Yieldline failure mechanism for concrete parapet.
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Figure 4. Possible failure mechanisms in beam-and-post railing systems.
Longer mechanisms would be similar.
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where:

occur.

remzzw

b

Odd number of spans

oo 6M, + V- DAV + DRL o
2NL - L, |

Even number of spans |
N 16M, + N°P L

2 (2
2NL - L,

total ultimate resistance of railing (kips).

total plastic moment capacity of all rail elements (m—kxps)
number of railing spans involved in failure mechanism.
ultimate transverse load resistance of a single post (kips).
post spacing (ft).

length: over Whlch transverse load is distributed (ft).

It is noted that several requlrements must be met for a plastic failure mechanism to

. Elastic buckling of the individual members must not occur.

The materials must be sufficiently ductile to form plastic hinges and allow
sufficient rotation at those hinges to form a complete mechanism.

Connections must be adequately detailed.

. Member cross sections must be sufficiently compact to maintain their shape
without local buckling in the region of a plastic hinge.
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CHAPTER 4. RAILING DESIGNS

PERFORMANCE LEVEL ONE DESIGNS
Three performance level one designs were evaluated in this study. They were:

1. Oregon Side-Mounted Railing.
2. BR27D on Sidewalk.
3. BR27D on Deck.

Oregon Side-Mounted Railing

A drawing for this railing design is shown in figure 5. A strength analysis along
with more detailed drawings are presented in appendix A.

The original design for this railing was proposed‘by Oregon DOT. It has been used
on small bridges on low volume rural roads and is typically mounted on prestressed deck
planks. The W6x15 posts are mounted on the side face of exterior planks and a single
thickness of 10-gauge thrie-beam is mounted to the post without a blockout. Height to the
top of the rail element is 27 in (690 mm).

BR27D on Sidewalk

This railing design concept was selected by the project panel to meet a need for a
railing for urban areas. Many States are currently using railing designs that are somewhat
similar to BR27D in that they consist of a concrete parapet with an open metal railing on top.

BR27D was tested to PL1 both with and without the curb and sidewalk. A somewhat
similar design, BR27C, was tested to PL2 both with and without the curb and sidewalk.

In the analysis and design of BR27D with curb and sidewalk, information on the
influence of the curb on vehicle trajectory was needed. Some information on this subject for
3,500-1b (1 589-kg) automobiles was found in the 1977 barrier guide.® No data specifically
for vehicles used in tests on BR27D were available. The expected influence of the 8-in (200-
mm) curb on the trajectory of a Honda Civic, a pickup truck, and an 18,000-1b (8 172-kg)
truck was estimated from available data. A design force of 30 kips at 35 in (890 mm) above
the top surface of the sidewalk was selected for design of BR27D. A cross section of this
railing design is shown in figure 6.

BR27D on Deck
Design of this railing was identical to BR27D on sidewalk. It was mounted on the

deck without a curb and sidewalk. A cross section of the prototype test railing is shown in
figure 7.
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- Figure 6. Cross section of BR27D bridge railing on sidewalk.
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Figure 7. Cross section of BR27D bridge railing on deck.
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PERFORMANCE LEVEL TWO DESIGNS
Seven performance level two designs were evaluated in this study. They were:

Illinois 2399-1 Railing.

32-in (813-mm) Concrete Parapet.

32-in (813-mm) New Jersey Safety Shape.
32-in (813-mm) F-shape.

BR27C on Sidewalk.

BR27C on Deck.

Illinois Side-Mounted Railing.

NoUnARWLWN e~

Hlinois 2399-1 Railing

‘The Illinois 2399-1 railing design is a modification of the original Illinois design
(designated 2399). It was offered for use as a retrofit railing on structures which have a
narrow safety walk. A cross section of the prototype test railing is shown in figure 8. The
railing would be appropriate for use on new construction where it would be mounted on top
of a similar curb. If no curb were present, the opening below the bottom rail element would
be too large and the bending moment in the post would be increased.

32-in (813-mm) Concrete Parapet

A vertical faced concrete parapet railing was proposed by South Dakota. A cross
section of the prototype design is shown in figure 9. The flat vertical face serves to
smoothly redirect a vehicle with good stability in roll and pitch; however, under low-severity -
impact conditions, damage to the vehicle may be greater than that for a New Jersey safety
shape or F-shape concrete parapet. The thickened section along the top edge of the parapet
provides beam strength and enhances the longitudinal distribution of forces in the parapet and
deck. :

32-in (813-mm) New Jersey Safety Shape

The safety shape has been tested extensively, especially as a median barrier.
Virtually all States include a safety shape in their standards both as a median barrier and as a
bridge railing. It was selected for testing in this study with a pickup truck and 18,000-1b
(8 172-kg) single unit truck to determine compliance with the 1989 guide specifications.®

The amount of steel used in the safety shape has varied significantly. Details of the

prototype safety shape tested in this study are shown in figure 10. It was designed to resist
forces for performance level two.
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Figure 8. Cross section of Illinois 2399-1 bridge railing.
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Figure 9. Cross section of 32-in (813-mm) concrete parapet.

10



GRADE 60 REINFORCING STEEL 2

3600 PSI CONCRETE

45 @ 4%" C-C

6 #5 LONGIT. BARS

44 @ 92" C-C \

1in'= 25.4 mm
1ft=0305m

8 #4 LONGIT. BARS —__|

45 @ 8 C-C \

#5 @ & c-Cc —_|

TEST INSTALLATION OVERHANG =

10”,
AN |
3 \ . 1 j/ o ol 8
o d

3 9"

Figure 10. Cross section of 32-in (813-mm) New Jersey safety shape.
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32-in (813-mm) F-Shape

The F-shape is similar in cross section to the New Jersey Safety Shape except the
geometry of lower portion of the traffic face is different. The modified lower face is
intended to provide improved stability for small automobiles.

A cross section of the F-shape is shown in figure 11. It was designed to resist
collision forces for performance level two. '

BR27C on Sidewalk

A cross section of this railing design is shown in figure 12. It was designed to meet
performance level one but was tested to performance level two. Detailed design calculations
are presented in appendix G.

After tests were performed on this railing, two modifications of details were made for
the deck-mounted version. The rail-to-post connection bolt was changed from 1/2 to 3/4 in
(13 to 19 mm) diameter and an anchorage assembly was added at the end of the anchor bolts.
These modifications are recommended for both versions of the design.

BR27C on Deck

A cross section of this railing design is shown in figure 13. It is basically the same
as the sidewalk mounted version but differs in two details. The rail-to-post connection bolt
was changed from 1/2 to 3/4 in (13 mm to 19 mm) diameter and an anchorage assembly was
installed at the bottom end of the anchor bolts. These details are also recommend for the
sidewalk mounted version.

Illinois Side-Mounted Ralhng

A cross section of this railing is shown in figure 14. The railing is composed of two
A500 grade B steel tubular rails mounted on AASHTO M183 wide-flange steel posts. The
W6x25 posts are mounted on the side of a prestressed concrete slab and are 4 ft 1-1/4 in
(1.25 m) long, spaced at 6 ft 3 in (1.9 m). The top rail is an 8-in by 4-in by 5/16-in (203-
mm by 102-mm by 8-mm) tubular rail, and the bottom rail is a 6-in by 4-in by 1/4-in (152-
mm by 102-mm by 6-mm) tubular rail. This railing system has a height of 32 in (813-mm)
above the bituminous surface. The center of the top rail is 28 in (710 mm) above the
surface.

21



GRADE 40 REINFORCING STEEL
3600 PSI CONCRETE

478"

144" ——

7Y

/

” ' 1 ”
32 1y 12
Lo ‘ . { T—— 8 #4 LONGIT. BARS
#5 @ 4% c-c T il i C |
ot _—#5 @ 8 C-C
7 _—#5 @ 8 C—C
2” 3 ' .‘ ”
1 3 1Y%
I ———— / = t
e f N/ 8
} = i o —A +
1’/;’..? N #5 LONGIT. BARS—/ : J ‘
#4 @ 9V" c-C— = 1
TEST INSTALLATION OVERHANG = 39" 1in = 25.4 mm
|11ft=0.305m

Figure 11. Cross section of 32-in (813-mm) F-shape bridge railing.
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Figure 12. Cross section of BR27C bridge railing on sidewalk.
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Figure 13. Cross section of BR27C bridge railing on deck.
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Figure 14. Cross section of Illinois side-mounted bridge railing.
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PERFORMANCE LEVEL THREE DESIGNS
Two performance level three designs were evaluated in this study. They were:

1. 42-in (1.07-m) Concrete Parapet.
A 2. 42-in (1.07-m) F-shape.

42-in (1.07-m) Concrete Parapet

A cross section of this railing is shown in figure 15. The thickened section at the top
edge of the parapet serves to strengthen the parapet and enhance longitudinal distribution of
forces within the parapet and the deck. The deck extension on the field side of the parapet
was considered necessary to provide adequate anchorage of the reinforcement in the top of
the deck. : ‘

42-in (1.07-m) F-Shape

: A cross section of the prototype 42-in (1.07-m) F-shape is shown in figure 16. The
slope at the bottom traffic face of the parapet serves to minimize vehicle damage (for
automobiles) at low angles of impact by causing the tire to ride up on the parapet and
redirect itself back to the pavement. The thickened section at the top acts as a continuous
beam and enhances longitudinal distribution of forces in the parapet and deck. It also
influences the appearance of the field side face of the parapet. The deck extension beyond
the field side face of the parapet was deemed necessary to provide adequate anchorage of the
top reinforcement in the deck. ‘
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GRADE 60 REINFORCING STEEL
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Figure 15. Cross section of 42-in (1.07-m) concrete parapet.
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Figure 16. Cross section of 42-in (1.07 m) F-shape.
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CHAPTER 5. TRANSITION DESIGNS

Two transition designs were developed and tested in this study. One was a
performance level one transition. The original design came from Oregon and it is intended
for use with the Oregon side-mounted bridge railing. The other is a 32-in (813-mm) high
thrie-beam transition for performance level two. It was tested on the 32-in (813-mm)
concrete parapet bridge railing but it is also intended for use with other performance level
two bridge railings where it can be suitably attached to the bridge railing.

PERFORMANCE LEVEL ONE DESIGN
Oregon Thrie-Beam Transition

Drawings for the Oregon thrie-beam transition are shown in figure 17. The bridge
rail element is a 10-gauge thrie-beam which terminates at the end of the bridge. A 12-gauge
W-beam connects at this point and continues straight through the transition. An additional
10-gauge thrie-beam element is connected behind the W-beam at the end of the bridge and
extends straight for 6 ft-3 in (1.9 m), then curves to the field side on an 11 1/2-ft (3.5-m)
radius for a distance of 6 ft-3 in (1.9 m). Timber posts 8 in by 8 in by 6-ft-0 in (203 mm by
by 203 mm by 1.8 m) and blockouts spaced at 3 ft-1 1/2 in (1.0 m) are used in the
transition.

Because transition rails are flexible and most bridge rails are either rigid or semi-
rigid, guardrail-to-bridge rail transitions must be designed to prevent impacting vehicles from
deflecting the guardrail sufficiently to allow vehicle snagging on the end of the rigid bridge
railing. Curving the thrie-beam away from the traffic face creates an area that provides
smooth transition from lower stiffness of the W-beam guardrail to higher stiffness of the
thrie-beam bridge rail. Consequently, an impacting vehicle is prevented from snagging along
the transition and sustaining high levels of damage or injury. In addition, curving the thrie-
beam prevents the vehicle from snagging on the end of the thrie-beam itself.

PERFORMANCE LEVEL TWO DESIGN
32-in (813-mm) Thrie-Beam Transition

Drawings for the 32-in (813-mm) thrie-beam transition are presented in figure 18.
The prototype transition was installed on the 32-in (813-mm) concrete parapet for testing. A
terminal connector was used at the transition-to-parapet connection. In the first two tests
(automobile and pickup truck), a standard AASHTO terminal connector was used.® The
terminal connector was lapped on the traffic face with the two layers of thrie-beam being
sandwiched between the terminal connector and the parapet. In a connection such as this
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Figure 17. Details of Oregon thrie-beam transition. (continued)
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- with three layers of rail element, splice bolts cannot be inserted in the holes unless the holes
in at least one layer of material are enlarged.

For the repeat of the pickup truck test (test 7069-21) and the 18,000-1b (8 172-kg)
truck test (test 7069-29), a modified terminal connector was used. In test 21, the connector
thickness was 12 gauge; and in test 29, it was 10 gauge. It has slanted, slotted holes to
facilitate assembly of the splice as shown in figure 19. It was sandwiched between the two
layers of thrie-beam rail element. '
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CHAPTER 6. SUMMARY OF CRASH TEST RESULTS

A total of 37 full-scale crash tests were perfotmed on the railing and transition
designs evaluated in this study. Results of these tests are sunnnanzed in thlS chapter and
details of the tests are given in appendixes A through L.

PERFORMANCE LEVEL ONE RAILINGS

Performance level one railings evaluated in this study were: Oregon side-mounted

~ thrie-beam railing and bridge railing BR27D mounted both on a sidewalk and on the deck.
Tests performed on these railings are listed in table 2. In all tests, the performance obtained
is judged acceptable.

The Oregon side-mounted railing is a rather uncomplicated design that uses mostly
standard hardware items. It has adequate strength and height for performance level one and,
under the more severe impact, exhibits plastic deformation that serves to limit accelerations
imposed on the vehicle. Plastic deformation was confined to metal railing components and
no damage was caused to the deck.

A transition for thlS railing has been tested and evaluated and results are presented
near the end of this chapter.

Railing design BR27D was tested to performance level one under two situations.
First, it was tested when mounted on a 5-ft (1. 5-m) wide sidewalk with an 8-in (203 mm)
high curb at the face of the sidewalk. It was also tested when mounted flush on the deck.
Acceptable results were obtained in both series of tests. For the most part, the railing
functioned as a "rigid" railing with only a small amount of permanent deformation in the
metal railing in the more severe tests.
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Oregon Side-Mounted Railing

Test number 7069-17

Vehicle: 1980 Honda Civic

Test Inertia Weight: 1,800 Ib (817 kg)
Gross Static Weight: 1,970 Ib (894 kg)
Impact Speed: 52.2 mi/h (84.0 km/h)
Impact Angle: 19.7 deg '

The vehicle impacted the bridge railing approximately 20.6 ft (6.3 m) from the
upstream end. It began to redirect at 0.042 s after impact. By 0.175 s the vehicle was
traveling parallel to the bridge railing at a speed of 44.0 mi/h (70.8 km/hr). Shortly
thereafter, the rear of the vehicle impacted the bridge railing. The vehicle lost contact with
the bridge railing at 0.261 s traveling at 42.7 mi/h (68.7 km/h) and 7.1 degrees. It was in
contact with the railing for 9.3 ft (2.8 m). The brakes were applied 82 ft (2.5 m) from
impact and the vehicle yawed clockwise. The vehicle subsequently came to rest 172 ft (5.2
m) downstream and 30 ft (9 m) to the field side of the point of impact.

The railing received moderated damage (figure 20). Maximum lateral deflection was
0.5 in (13 mm) at the top of post 5. At post 4, the top anchor bolts connecting the post to
the bridge deck showed structural distress. One bolt was pulled from the anchor insert in the
concrete. Post 5 was bent outward about 0.5 in (13 mm) at the top and the top anchor bolts
showed structural distress. One of the bolts in this post was also pulled from the anchor
insert.

After-test examination of anchor bolts in all the posts show that the bolts had been cut
off during construction and, in some, only three or four threads were engaged in the anchor
insert. The plans called for a minimum of 7/8 in (22 mm) thread engagement. Evidently,
concrete had flowed into the anchors during fabrication of the prestressed deck slabs and the
anchor bolts had been cut off to prevent them from bottoming out. This was not detected
during the construction inspection.process. Prior to the next test, concrete was removed -
from all anchor inserts and new full-length anchor bolts were installed.

The vehicle sustained damage to the right side (figure 21). Maximum crush at the
right front corner at bumper height was 9.0 in (229 mm). The strut and constant velocity
joint on the impact side were damaged. The right front wheel was canted inward at the
bottom and pushed back into the fender well. The right side window was broken out by the
dummy’s head. Also, damage was done to the front bumper, hood, grill, radiator and fan,
right front quarter panel, and right door.

The railing contained the vehicle with minimal lateral movement of the bridge railing.
There was no intrusion into the occupant compartment and no deformation of the
compartment. The vehicle remained upright and relatively stable during the collision. The
bridge railing smoothly redirected the vehicle and the effective coefficient of friction was
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Figure 20. Damage to railing system in test 7069-17.
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Figure 21. Vehicle and railing for test 7069-17.
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considered fair. The occupant risk factors were within the limits recommended in the 1989
AASHTO guide specifications.® The vehicle trajectory at loss of contact indicates minimum
intrusion into adjacent traffic lanes

Performance of the rallmg in th1s test is judged acceptable as mdlcated in figure 22
and table 3.
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Test Number 7069-18

Vehicle: 1982 Chevrolet Pickup
Test Inertia Weight: 5,400 Ib (2 452 kg)
Gross Static Weight: 5,737 Ib (2 605 kg)
Impact Speed: 46.1 mi/h (74.2 km/h)
Impact Angle: 20.9 deg :

The vehicle impacted the bridge railing approximately 41.3 ft (12.6 m) from the
upstream end. It began to redirect at 0.054 s. By 0.234 s the vehicle was traveling parallel
to the railing at a speed of 38.2 mi/h (61.5 m), and at approximately the same time the rear
of the vehicle impacted the railing. The vehicle lost contact with the bridge railing at 0.458
s traveling at 35.9 mi/h (57.8 km/h) and 10.9 degrees. It was in contact with the railing for
16.3 ft (5.0 m). The brakes were applied 38 ft (11.6 m) from impact and the vehicle yawed
clockwise. The vehicle subsequently came to rest 150 ft (46 m) down and 10 ft (3 m) to the
field side of the point of impact.

The railing received moderate damage (figure 23). At post 8 the upper deck bolts
connecting the post to the bridge deck were bent and the post was bent back 1.5 in (38 mm)
at the bridge deck surface. Post 9 was bent 2.5 in (64 mm), the upper deck bolt on the right
side was bent, and the upper deck bolt on the left side pulled through the outer flange. Post
10 was slightly twisted. Maximum lateral deflection was 13.0 in (330 mim) at the top of the
thrie-beam between posts 8 and 9.

. The vehicle sustained damage to the right side as shown in figure 24. Maximum
crush at the right front corner at bumper height was 6.5 in (165 mm). The right front tire
deflated, and the rim was bent. The right side window was broken out by the dummy’s
head. Also, damage was done to the front bumper, hood, grill, right front and rear quarter
pancls and right door.

The railing contained the vehicle with minimal lateral movement of the bridge railing.
There was no intrusion into the occupant compartment and no deformation of the :
compartment. The vehicle remained upright and relatively stable during the collision. The
_railing smoothly redirected the vehicle and the effective coefficient of friction was considered
fair. “The occupant risk factors were within the limits recommended in the 1989 AASHTO
guide specifications.® The vehicle trajectory at loss of contact indicates minimum intrusion
into adjacent traffic lanes.

_ * Performance of the railing in this test is judged acceptable, as indicated in figure 25
‘and table 4. '
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Figure 23. Damage to railing in test 7069-18.
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Figure 24. Damage to vehicle in test 7069-18.
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. BR27D on Sidewalk

~Test Number 7069-22

Vehicle: 1983 Honda Civic
Test Inertia Weight: 1,800 Ib (817 kg)
Gross Static Weight: 1,967 1b (893 kg)
Impact Speed: 51.7 mi/h (83.2 km/h)
Impact Angle: 20.8 deg

Upon impact with the curb, the left front tire folded under the vehicle, and at 0.109 s
after impact the left rear wheel impacted the curb. As the left rear wheel climbed the curb,
the right front wheel lost contact with the roadway. At 0.217 s the right front wheel
contacted the curb and the left side of the vehicle was airborne. When the right front wheel
reached the top the curb, the vehicle was totally airborne and remained as such as it impacted
the concrete parapet at 0.261 s. The vehicle impacted the parapet at post 5 traveling at a
speed of 46.6 mi/h (75.0 kin/h) and at an angle of 13.4 degrees. As the vehicle continued
forward, the bumper protruded between the upper and lower metal railing elements. At
0.332 s the vehicle began to redirect. The right rear wheel struck the curb at 0.414 s as the
vehicle was still airborne. By 0.510 s the vehicle was traveling parallel to the bridge railing
at a speed of 41.0 mi/h (66.0 km/h), and at the same time the rear of the vehicle impacted
the parapet. The vehicle lost contact with the parapet at 0.610 s traveling at 40.8 mi/h (65.6
km/h) and 6.1 degrees. The vehicle contacted the roadway again as it reached posts 7 and 8
and the brakes were applied. The vehicle left the installation and subsequently came to rest
165 ft (50 m) from the point of impact.

As can be seen in figure 26, the bridge railing system received minimal damage.
There was no measurable permanent deformation to the railing elements and only cosmetic
damage to the concrete parapet. There were tire marks on the concrete parapet and on the
face of the lower metal railing element in the area of impact, and also on the lower part of
post 6. The vehicle was in contact with the bridge railing for 11.5 ft (3.5 m). Length of
contact with the concrete parapet was 7.0 ft (2.1 m).

The vehicle sustained damage to the left side as shown in figure 26. Maximum crush
at the left front corner at bumper height was 6.0 in (152 mm). The left front strut was
damaged and the left front wheel was canted inward at the bottom and pushed back reducing
the wheelbase on the driver side by 2 in (51 mm). Also, damage was done to the front
bumper, hood, left headlight, left front quarter panel, left rear quarter panel, left front and
rear t1res and rims, and right front tire. .

The railing contamed the vehicle with no lateral movement of the metal railing
element of the bridge railing system. There was no intrusion of railing components into the
occupant compartment and no debris to present undue hazard to other traffic. The integrity
of the occupant compartment was maintained with no intrusion and no deformation. The
vehicle remained upright and relatively stable during the collision. The bridge railing
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Figure 26. Vehicle and railing for test 7069-22.
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smoothly redirected the vehicle. The effective coefficient of friction was considered
marginal. “The occupant. impact velocities and the occupant ridedown accelerations were
within the lumts Vehicle trajectory at loss of contact 1nd1cated minimum intrusion into

adjacent traffic lanes

v Performance of the ralhng in this test is Judged acceptable as indicated in ﬁgure 27
and table 5. v
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_ Test Number 7069-23

Vehicle: 1984 Chevrolet Pickup
Test Inertia Weight: 5,400 1b (2 452 kg)
Gross Static Weight: 5,565 Ib (2 527 kg)
Impact Speed: 45.3 mi/h (72.9 km/h)
Impact Angle: 20.2 deg '

At 0.171 s after impact the right front wheel contacted the curb and the left side of
the vehicle was airborne. The vehicle impacted the concrete parapet at 0.218 s. The vehicle
impacted the parapet 3 ft (0.9 m) from post 5 (between posts 4 and 5) traveling at a speed of
43.8 mi/h (70.5 km/h) and at an angle of 19.7 degrees. As the vehicle continued forward,
the bumper protruded between the lower metal railing element and the concrete parapet. At
0.295 s the vehicle began to redirect. By 0.487 s the vehicle was traveling parallel to the
bridge railing at a speed of 40.3 mi/h (64.8 km/h), and at 0.501 s the rear of the vehicle
impacted the parapet. The vehicle lost contact with the concrete parapet at 0.587 s traveling
at 37.2 mi/h (59.9 km/h) and 5.3 degrees. It was in contact with the railing for 12.8 ft (3.9
m). The brakes were applied as the vehicle left the installation. The vehicle yawed
counterclockwise and subsequently came to rest 113 ft (34 m) from the point of impact
resting against another barrier downstream of the bridge railing installation.

The bridge railing received minimal damage (figure 28). The maximum permanent
deformation to the railing element was 0.5 in (13 mm) between posts 5 and 6. Posts 5 and 6
were also pushed rearward approximately 3/16 in (05 mm). There was only cosmetic
damage to the concrete parapet. There were tire marks on the concrete parapet, on the face
of the lower metal railing element in the area of impact, and also on the lower part of posts 5
and 6.

The vehicle sustained damage to the left side as shown in figure 28. Maximum crush
at the left front corner at bumper height was 12.5 in (318 mm) and the right side was
deformed outward 5.0 in (127 mm). Also, damage was done to the front bumper, hood,

. grill, radiator and fan, left front quarter panel, left door, left rear quarter panel, left front
and rear tires and rims, rear bumper, and right front quarter panel and right door.

The railing contained the vehicle with minimal lateral movement of the metal railing
element of the bridge railing system. There was no intrusion of railing components into the
‘occupant compartment and no debris to present undue hazard to other traffic. The integrity
- of the occupant compartment was maintained with no intrusion and no deformation. The
vehicle remained upright and relatively stable during the collision. The bridge railing
smoothly redirected the vehicle. The effective coefficient of friction was considered good.
The occupant impact velocities and the occupant ridedown accelerations were within the
limits. The vehicle trajectory at loss of contact indicated minimum intrusion into adjacent
traffic lanes.

Performance of the railing in this test is judged acceptable, as indicated in figure 29
and table 6.
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Figure 28. Vehicle and railing for test 7069-23.
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BR27D on Deck
‘Test Number 7069-30

_ Vehicle: 1983 Honda Civic
Test Inertia Weight: 1,800 Ib (817 kg)
Gross Static Weight: 1,970 Ib (894 kg)
Impact Speed: 51.2 mi/h (82.4 km/h)
Impact Angle: 20.5 deg

Shortly after impact (0.036 s) the vehicle began to redirect and at 0.093 s the right
front corner of the vehicle began to shift outward. At approximately 0.095 s after impact the
dummy impacted the driver side door and shattered the door glass. The right front tire lost
contact with the roadway at 0.108 s. By 0.164 s the vehicle was traveling parallel to the
bridge railing at a speed of 43.6 mi/h (70.2 km/h), and at 0.178 s the rear of the vehicle
impacted the parapet. The right rear tire lost contact with the roadway at 0.196 s. The
vehicle lost contact with the bridge railing at 0.319 s traveling at 43.0 mi/h (69.2 km/h) and
6.8 degrees. It was in contact with the railing for 8.0 ft (2.4 m). The right front tire of the
vehicle contacted the roadway again at 0.476 s and the right rear at 0.0557 s. The brakes
were applied as the vehicle exited the test site. The vehicle subsequently came to rest 150 ft
(46 m) down from and 70 ft (21 m) toward the traffic side of the point of impact.

The bridge railing received minimal damage (figure 30). There was no measurable
permanent deformation to the railing elements and only cosmetic damage to the concrete
parapet. There were tire marks on the concrete parapet and on the face of the lower metal
railing element in the area of impact.

Maximum crush of the vehicle at the left front corner at bumper height was 7.0 in
(178 mm) (figure 30). The left front strut was damaged and the left front wheel was canted
inward at the bottom and pushed back reducing the wheelbase on the driver side by 2.25 in
(57 mm). Also, damage was done to the right front quarter panel, front bumper, hood, left
headlight, left front quarter panel, left door and glass, left rear quarter panel, rear bumper,
and left front and rear tires and rims.

The railing contained the vehicle with no lateral movement of the metal railing
element of the bridge railing system. There was no intrusion of railing components into the
occupant compartment and no debris to present undue hazard to other traffic. The integrity
of the occupant compartment was maintained with no intrusion and no deformation. The
vehicle remained upright and relatively stable during the collision. The bridge railing
smoothly redirected the vehicle. The effective coefficient of friction was considered good.

- The occupant impact velocities and the occupant ridedown accelerations were within the
limits. The vehicle trajectory at loss of contact indicated minimum intrusion into adjacent

“traffic lanes.

Performance of the railing in this test is judged acceptable, as indicated in figure‘31
and table 7.
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Test Number 7069-31

Vehicle: 1985 Chevrolet Pickup
Test Inertia Weight: 5,400 Ib (2 452 kg)
Gross Static Weight: 5,566 Ib (2 527 kg)
Impact Speed: 45.6 mi/h (73.4 km/h)
Impact Angle: 18.8 deg

At 0.020 s after impact the left front wheel contacted the concrete parapet, and at
0.029 s the right front corner of the vehicle began to deform outward. The vehicle began to
redirect at 0.048 s after impact, and at 0.148 s the dummy impacted the driver side door and
shattered the glass. By 0.231 s the vehicle was traveling parallel to the bridge railing at a
speed of 40.8 mi/h (65.6 km/h), and shortly thereafter the rear of the vehicle impacted the

‘parapet. The vehicle lost contact with the bridge railing at 0.333 s traveling at 38.0 mi/h
(61.1 km/h) and 6.2 degrees. It was in contact with the railing for 11.7 ft (3.6 m). The
brakes were applied 2.3 s after impact. The vehicle yawed counterclockwise due to the
deflated left front tire and subsequently came to rest 225 ft (69 m) down from and 40 ft (12
m) behind the pomt of 1mpact

The bridge railing received minimal damage (figure 32). The maximum permanent
deformation to the railing element was 0.5 in (13 mm) between posts 5 and 6. There was
only cosmetic damage to the concrete parapet. There were tire marks on the concrete
parapet, on the face of the lower metal ralhng element in the area of impact, and also on the
lower part of- post 6.

Maximum crush of the vehicle at the left front corner at bumper height was 6.5 in
(165 mm), and the right side was deformed outward 4.0 in (102 mm) (figure 32). Also,
damage was done to the front bumper, hood, grill, left front quarter panel, left door, left
rear quarter panel, left front and rear tires and rims, rear bumper, and right front quarter
panel and right door.

The railing contained the vehicle with minimal lateral movement of the metal railing
element of the bridge railing system. There was no intrusion of railing components into the
occupant compartment and no debris to present undue hazard to other traffic. The integrity
of the occupant compartment was maintained with no intrusion and no deformation. The
vehicle remained upright and relatively stable during the collision. - The bridge railing
smoothly redirected the vehicle. The effective coefficient of friction was considered good.
The occupant impact velocities and the occupant ridedown accelerations were within the
limits. The vehicle trajectory at loss of contact indicated minimum intrusion into adjac_ent

traffic lanes.

Performance of the railing in this test is judged acceptable, as indicated in ﬁgﬁre 33
and table 8.
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PERFORMANCE LEVEL TWO RA]LINGS

Seven railing designs were tested to performance level two as shown in table 9
Acceptable performance was obtained in all tests.

The original Illinois 2399 railing design was proposed as a retrofit railing. The
modified prototype (Illinois 2399-1) was tested on a cantilevered slab that simulated
situations where it would be used as a retrofit, but it is deemed suitable for new construction
if adequate bridge deck strength is provided.

Posts used in the test installation were somewhat larger than needed based on strength
calculations and the railing functioned as a "rigid" system in tests. In test 7069-1 with the
small automobile, there was no damage to the railing. There was a small amount of
permanent deformation of the metal railing in the test with a pickup (7069-2). In the test
with an 18,000-1b (8 172-kg) truck, moderate damage occurred to the railing. Bolts -
connecting the lower rail element to the posts were sheared at five consecutive posts in the
impact area; however, the rail element remained reasonably well in place. At one post the
upper rail element mounting bolt was sheared. Results of the tests show that acceptable
performance was obtained.

The 32-in (813-mm) concrete parapet is a simple, effective railing system that meets
performance level two requirements. It showed no structural distress in the tests performed.
One could argue that when compared to the New Jersey or F-shape, the vertical-faced
parapet imposes slightly higher accelerations and slightly more damage but provides slightly
more stability to the vehicle.

The 32-in (813-mm) New Jersey safety shape has been subjected to extensive full-
scale crash testing with various vehicles in many other research studies and is used
extensively throughout the Nation. It was included in this study for testing with a 5,400-Ib
(2 452-kg) pickup and an 18,000-1b (8 172-kg) single unit truck under conditions meeting
performance level two of the 1989 guide specifications.® Acceptable performance was
obtained in both tests. :

The 32-in (813-mm) F-shape was subjected to tests for performance level two as
shown in table 10. The 18,000-Ib (8 172-kg) truck test was repeated twice because the speed
was too slow in the first two attempts. This was caused by two unrelated equipment -
malfunctions.

The railing functioned acceptably in all tests, and it is recommended as a suitable
alternative to the 32-in (813-mm) vertical faced concrete parapet and the 32-in (813-mm)
New Jersey safety shape.

Two versions of railing BR27C were tested to performance level two requirements.

The first version was mounted on an 8-in (200-mm) high 5-ft (1.5-m) wide sidewalk -and the
second was mounted on the deck. Both versions performed acceptably.
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Railing BR27C on sidewalk was tested first and two details of the design were
changed for BR27C on deck. The rail-to-post connection bolts were changed from 1/2 in (13
mm) diameter to 3/4 in (19 mm) diameter and an anchorage assembly was added at the end
of the anchor bolts. These modifications are recommended for both versions of the railing.

The Tllinois side-mounted railing consists of two tubular rail elements mounted on
steel wide flange posts. - The posts are mounted on the side face of prestressed slab planks
‘with anchor bolts screwed into inserts cast in the planks.  Blockouts are used between the
posts and planks to provide additional useable bridge width.

, The railing was subjected to tests for performance level two and performed acceptably
in all tests. _

Some difficulty was encountered in installation of the anchor bolts. All hardware was

galvanized and galling of the anchor bolt threads occurred. It was necessary to chase the
threads to obtain sultable engagement of the anchor bolts in the inserts.
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linois 2399-1 Railing
Test Number 7069-1

Vehicle: 1980 Honda
Test Inertia Weight: 1,795 Ib (815 kg)

- Gross Static Weight: 1,961 1b (890 kg)
Impact Speed: ~58.7 mi/h (54.4 km/h)
Impact Angle: 20.0 deg

The vehicle impacted the barrier midway between posts 6 and 7. At approximately
0.020 s after impact the right front tire contacted the curb, and by 0.030 s the vehicle began
to redirect. As the tire and rim rode against the curb, the tire aired-out. The frame around
the windshield began to deform and at about 0.070 s the windshield broke. At 0.151 s the
vehicle was traveling paralle] with the railing and at 0.168 s the rear of the vehicle impacted
the railing. The vehicle lost contact with the railing at 0.226 s after impact. It was in
contact with the lower rail element for 9.7 ft (2.9 m). As the vehicle exited the railing, the
brakes were applied and the vehicle yawed slightly in clockwise rotation. The vehicle
subsequently came to rest 225 ft (69 m) downstream and 21 ft (6 m) toward the field side of
the point of impact. ‘

The railing received very little damage (figure 34). There were tire marks on the
face of the railings and the curb and minor chips on the edge of the curb There was no
measurable movement or deformation in the railing.

The vehicle sustained extensive damage to the right front (figure 34). Maximum
crush at the right front corner at bumper height was 8.0 in (203 mm). The right front tire
was deflated, the rim was bent, and the suspension was damaged. The front bumper was
disconnected on the left side but still attached on the right side. The passenger door was
bent and jammed and the right rear quarter panel was bent and scraped. The hood was bent
and shifted to the left. The windshield frame was bent and the windshield was broken and
partially out. The roof of the vehicle was twisted. : :

The railing contained and smoothly redirected the vehicle with no lateral movement of
the railing. There were no debris or detached elements. There was minimal intrusion into
the occupant compartment. The vehicle trajectory at loss of contact indicates minimum
intrusion into adjacent traffic lanes. The vehicle remained upright and stable during the
entire test period. - :

Due to the slightly high lateral occupant impact velocity of 25.1 ft/s (7.7 m/s),
performance of the railing in this test is considered marginally acceptable (as indicated in
figure 35 and table 10).
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Figure 34. Vehicle and railing for test 7069-1.
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Test Number 7069-2

Vehicle: - 1981 Chevrolet Pickup
Test Inertia Weight: 5,450 Ib (2 474 kg)
Gross Static Weight: 5,797 1b (2 632 kg)
Impact Speed: 63.6 mi/h (102.3 km/h)
Impact Angle: 19.2 deg

The vehicle impacted the barrier midway between posts 6 and 7. At approximately
0.017 s after impact the right front tire contacted the curb, and by 0.032 s the vehicle began
to redirect. As the vehicle continued forward, the wheel rim rubbed the edge of the curb
chipping off pieces of concrete. The dummies began to move abruptly to the right at 0.057
s, and at 0.063 s the passenger dummy impacted the right door so hard it knocked the top
portion ajar. By 0.069 s the left front tire of the vehicle went airborne. The rear of the
vehicle hit the railing at 0.154 s, and at 0.169 s the path of the vehicle c.g. was parallel with
the railing. The vehicle was in contact with the railing for 14.5 ft (4.4 m) It lost contact
with the railing at 0.234 s after impact. As the vehicle exited the railing, it had a yaw angle
of 1.0 degree and a trajectory path of 5.8 degrees. The vehicle brakes were applied and the
vehicle subsequently came to rest 270 ft (82 m) downstream from the point of impact.

The railing received moderate damage (figure 36). There were tire marks on the face
of the railings and the curb and minor chips on the edge of the curb. The maximum
dynamic deflection of the railing was 2.4 in (61 mm) and maximum permanent deformation
was 0.5 in (13 mm). The front of the base plate on post 6 was pulled up slightly and the
concrete was chipped around the bolts to the rear of the base plate.

The vehicle sustained extensive damage to the right front corner (figure 36).
Maximum crush at the right front corner at bumper height was 5.0 in (127 mm). The right
front and right rear wheel rims were bent and the wheel assembly and suspension damaged.
The passenger door was bent and jammed and the right rear panel was dented and scraped.
The hood was bent and shifted to the left. The windshield frame was bent and the
windshield was cracked. The. cab of the vehicle was twisted and the frame was bent. -

The railing contained and smoothly redirected the vehicle with minimal lateral
movement of the railing. There were no debris or detached elements. There was no
intrusion into the occupant compartment. The vehicle trajectory at loss of contact indicated
minimum intrusion into adjacent traffic lanes. The vehicle remained upright and stable

during the entire test period.

Performance of the railing in this test is judged acceptable, as indicated in figure 37
and table 11.
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Figure 36. Vehicle and railing for test 7069-2.
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Test Number 7069-15

Vehicle: 1980 Ford Single-Unit Truck
Test Inertia Weight: 18,000 1b (8 172 kg)

Empty Weight: 12,320 1b (5 593 kg)

Impact Speed: 50.8 mi/h (81.7 km/h)
Impact Angle: 15.1 deg

The vehicle impacted the railing approximately 26 ft (8 m) from the end between
posts 4 and 5. Shortly after impact, the right front tire made contact with the lower railing
element and began to ride up the curb. As the vehicle continued its forward motion into the
railing, the right front tire pushed the lower railing element down. By 0.071 s after impact
the cab began to shift to the left, and at approximately 0.109 s the vehicle began to redirect.
At 0.149 s the right front tire made contact with post 6, and by 0.276 s the vehicle was
airborne. The rear of the vehicle contacted the railing at approximately 0.310 s and began to
move parallel to the bridge railing at 0.320 s traveling at 47.5 mi/h (76.4 km/h). The
vehicle continued along the top of the railing, and at 0.447 s the lower edge of the box made
contact with the top edge of post 8 and began to tear the box as the vehicle continued down
the railing still airborne. The vehicle made contact with the ground at about 1.129 s and lost
contact with the railing at 1.392 s. Total length of contact with the bridge railing was 74 ft
(22.5 m). After the vehicle left the railing, the brakes were applied but the left side of the
vehicle made contact with another barrier. The vehicle came to rest 132 ft (40 m) from the
point of impact.

Damage to the railing was moderate (figure 38). The bolts connecting the lower
railing element to the post were sheared on posts 3 through 7. At post 5 the bolt on the
upper railing element was sheared and the face of the element itself was gouged. The flange
on post 6 was bent and the concrete curb was cracked at posts 6 through 9. The top of post
8 was bent where it made contact with the box. During the test the lower railing element
was pushed down. After the test, the maximum vertical movement was 3 in (76 mm) at post
5.

Damage to the vehicle was extensive. The steering arm rod, u-bolts, spring pins, and
front and rear spring mounts were damaged. The frame was bent as well as the rear part of
the drive shaft, the rear u-joint, the battery box, and the gas tank. The cargo box was torn
during the test and, as the vehicle left the railing and rolled to the right, the load shifted and
tore open the right side of the box.

The railing contained and smoothly redirected the vehicle with minimal lateral
movement of the railing. There was no intrusion into the occupant compartment and very
little deformation of the compartment. The vehicle trajectory at loss of contact indicated
minimum intrusion into adjacent traffic lanes, and the vehicle remained relatively stable
during the collision.

Performance of the railing in this test is judged acceptable, as indicated in figure 39
and table 12.
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Figure 38. Vehicle and railing for test 7069-15.
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32-in (813-mm) Parapet

~ Test Number 7069-5

Vehicle: 1981 Honda

Test Inertia Weight: 1,800 Ib (817 kg)
Gross Static Weight: 1,965 1b (892 kg)
Impact Speed: 60.5 mi/h (97.3 km/h)
Impact Angle: 21.0 deg

The vehicle impacted the parapet at midlength. At approximately 0.023 s after
impact, the right front tire impacted the parapet and began to redirect after 0.062 s. The
rear of the vehicle hit the parapet at 0.157 s and was parallel to the parapet at 0.162 s. The
vehicle lost contact with the parapet at 0.236 s after impact. As the vehicle exited the
parapet, it had a yaw angle of 3.5 degrees and trajectory path of 6.2 degrees. The vehicle
brakes were then applied, and the vehicle came to rest 167 ft (51 m) downstream and 26 ft
(8 m) toward the field side of the point of impact. ,

The parapet received cosmetic damage only (ﬁgure 40). There were tire marks on
the face of the parapet.. The vehicle was in contact with the parapet for 10.3 ft (3.1 m).

The vehicle sustained extensive damage to the right front as shown in figure 40.
Maximum crush at the right front corner at bumper height was 5.0 in (127 mm). The right
front and right rear wheel rims were bent, and the right front strut was bent. The passenger
door was bent and jammed, and the right side was dented and scraped. The hood was bent
and shifted to the left. The windshield frame was bent, and the windshield was cracked.
The roof of the vehicle was buckled and twisted.

The parapet contained and smoothly redirected the vehicle with no lateral movement
of the parapet. There were no debris or detached elements. There was no intrusion into the
occupant compartment although some deformation of the compartment occurred. The vehicle
trajectory at loss of contact indicated minimum intrusion into adjacent traffic lanes. The
vehicle remained upright and stable during the entire test period.

The lateral occupant impact velocity of 26.0 ft/s (7.9 m/s) is higher than the
maximum acceptable value of 25 ft/s (7.6 m/s). However, the authors conclude that the
performance of this parapet in this test is acceptable on the basis of two arguments. The
value obtained is marginally close to being acceptable. The acceptable value was selected as
a reasonably achievable value for impact angles of 15 degrees, not the more severe condition
of 20 degrees used in this test. See figure 41 and table 13.
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Figure 40. Vehicle and parapet for test 7069-5.
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Test Number 7069-6

Vehicle: 1982 Chevrolet Pickup
Test Inertia Weight: 5,420 1b (2 461 kg)
Gross Static Weight: 5,759 b (2 615 kg)
Impact Speed: 59.7 mi/h (96.1 km/h)
Impact Angle: - 20.2 deg

window glass. The rear of the vehicle slapped the parapet at 0.192 S, and by 0.209 s, the
vehicle was traveling parallel to the parapet. The vehicle lost contact with the parapet at
0.418 s. It was in contact with the parapet for 10.5 ft (3.2 m). The vehicle exited the
parapet with a yaw angle of 5.6 degrees and a vehicle trajectory path of 6.4 degrees. The
brakes were applied, and the vehicle came to rest 225 ft (69 m) downstream and 40 ft (12 m)
toward the field side of the point of impact.

The parapet received only cosmetic damage as shown in figure 42. There were tire
marks on the face of the parapet.

The vehicle sustained extensive damage to the right side (figure 42). Maximum crush
at the right front corner at bumper height was 9.0 in (229 mm). The right front and right
rear wheel rims were bent, and the welds had broken on the right front wheel rim, allowing
the outer rim and tire to become completely separated. The wheel assembly and suspension

The parapet contained and smoothly redirected the vehicle with minimal lateral
movement of the parapet. There were no debris or detached elements. There was no
' intrusion into the occupant compartment although some deformation of the right door A
occurred. The vehicle trajectory at loss of contact indicated minimum intrusion into adjacent
traffic lanes. The vehicle remained upright and stable during the entire test period.

Performance of the parapet in this test is Jjudged acceptable, as indicated figure 43 and
table 14. A
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Figur 42. Vehicle and parapet for test 7069-6.
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Test Number 7069-16

Vehicle: 1982 Ford Single-Unit Truck
Test Inertia Weight: 18,000 Ib (8 172 kg)

Empty Weight: 13,820 Ib (6 274 kg)

Impact Speed: 50.0 mi/h (80.5 km/h)
Impact Angle: 14.0 deg

The vehicle impacted the parapet approximately 20 ft (6 m) from the end. Shortly
after impact, the right front wheel made contact with the parapet and was pushed back and to
the left. The vehicle began to redirect at approximately 0.101 s after impact. At 0.263 s,
the left side of the vehicle became airborne. The rear of the vehicle impacted the parapet at
about 0.305 s and began to travel parallel to the parapet. As the vehicle rode along the
parapet, it continued to roll to the right and attained a maximum roll angle of 17.6 degrees at
0.480 s. At about 0.750 s, the vehicle began to right itself. It lost contact with the parapet
at 0.963 s, traveling at 34.2 mi/h (55.0 km/h) and 5.0 degrees. It was in contact with the
parapet for about 45 ft (14 m). By 1.101 s, the vehicle was traveling upright; however, it
continued to roll to the left and began to yaw clockwise. The vehicle came to rest on its left
side 175 ft (53 m) downstream and 25 ft (7.6 m) toward the field side of the point of impact.

The parapet received only cosmetic damage (figure 44). There were tire marks on
the face of the parapet and along the top for about 30 ft (9 m). The bed of the vehicle
scraped the top of the parapet for another 15 ft (4.6 m).

The vehicle sustained moderate damage to the right side (figure 44). Maximum crush
at the right front corner at bumper height was 10.0 in (254 mm). The front bumper, the
hood, and the right front quarter were damaged, and the windshield was cracked. The rear
U-bolt on the right front springs was broken, and the springs were dislocated. The fuel tank
and straps were also damaged.

The parapet contained and smoothly redirected the vehicle with no lateral movement
of the parapet. There was no intrusion into the occupant compartment and very little
deformation of the compartment. The vehicle trajectory at loss of contact indicated minimum
intrusion into adjacent traffic lanes. '

Performance of the parapet in this test is judged acceptable, as indicated in figure 45
and table 15. '
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32-in (813-mm) New Jersey Safety Shape

Test Number 7069-12

Vehicle: 1982 GMC Single-Unit Truck
Test Inertia Weight: 18,000 1b (8 172 kg)

Empty Weight: 10,900 1b (4 949 kg)

Impact Speed: 51.6 mi/h (83.0 km/h)
Impact Angle: 15.5 deg

The vehicle impacted the safety shape approximately 23 ft (7 m) from the end.
Shortly after impact, the right front wheel began to ride up the face of the safety shape. At
0.093 s, the axle broke on the right side, and the left front tire became airborne. The
vehicle began to slowly redirect as the rear end began to slide toward the safety shape. The
lower edge of the front bumper reached the top of the safety shape at 0.101s. At 0.312s,
the left rear wheels became airborne, and the front of the vehicle reached a maximum height
of approximately 1 ft (.03 m) above the safety shape. As the vehicle rode along the top of
the safety shape, it continued to roll to the right and reached maximum redirection at 0.324 s
at an angle of 8.6 degrees into the safety shape. At about 0.627 s, the front of the vehicle
extended over the safety shape by one-half the vehicle’s width. By 1.040 s, the vehicle
attained a maximum roll angle of 44 degrees to the right and began to right itself. As the
vehicle slid off the end of the safety shape, it continued to roll to the left (away from the
railing). The vehicle subsequently came to rest on its left side 75 ft (23 m) from the end of
the safety shape.

The safety shape received only cosmetic damage and some scraping and gouging
(figure 46). There were tire marks on the face and top of the safety shape. The top of the
safety shape was scraped along the remaining length by the undercarriage of the truck.

The vehicle sustained extensive damage to the right side. Maximum crush at the right
front corner at bumper height was 8.0 in (203 mm). The front axle was torn off the vehicle,
and the undercarriage damaged. There was damage to the U-bolts, Pittman arm rod, steering
arm, brake lines, and leaf spring bolts. The outer right rear wheel rim and tire were
damaged. The fuel tank also sustained damage.

The safety shape contained and redirected the vehicle with no lateral movement of the
safety shape. There was no intrusion into the occupant compartment and very little
deformation of the compartment. The vehicle trajectory at loss of contact indicated minimum
intrusion into adjacent traffic lanes; however,the vehicle did not remain upnght after-

collision.

Performance of the safety shapé in this test is judged acceptable, as indicated in figure
47 and table 16.
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Figure 46. Vehicle and safety shape for test 7069-12.
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Test Number 7069-14

Vehicle: - 1981 Chevrolet Pickup
Test Inertia Weight: 5,390 Ib (2 447 kg)
Gross Static Weight: 5,724 1b (2 599 kg)
Impact Speed: 57.7 mi/h (92.8 km/h)
Impact Angle: 206 deg

The vehicle impacted the safety shape approxxmately 11 ft (3.4 m) from the upstream
end. Shortly after impact, the right front wheel began to ride up the face of the safety shape.
At 0.060 s, the dummies began to move to the right. The vehicle began to redirect at 0.103
s, and the left front tire became airborne at 0.195 s. By 0.241 s, the vehicle was traveling
parallel to the safety shape at a speed of 37.1 mi/h.. At 0.356 s, the vehicle became
completely airborne, and the front of the vehicle reached a maximum height of approximately
23 in (58.9 m) above the bridge deck. While still airborne, the vehicle lost contact with the
safety shape at 0.365 s traveling at 35.8 mi/h and 0.9 degrees. It was in contact with the
safety shape for 15 ft (4.6 m). The vehicle’s left front wheel touched ground at 0.532 s after
~impact.- The brakes were then applied, and the vehicle yawed clockwise and came to rest

280 ft (85 m) from the point of impact: ,

The safety shape received only cosmetic damage (figure 48). There were tire marks
on the face and top of the safety shape

; The vehlele sustained extenswe damage to the right side (figure 48). Maximum crush
at the right front corner at bumper height was 12.0 in (307 mm). The right front suspension
system broke away from the vehicle, and the right rear tire and wheel rim broke at the
welded connection points. There was damage to the right ball joints and tie rods, as well as
the upper and lower control arms. The left rear tire was deflated. '

The safety shape contained and smoothly redirected the vehicle with no lateral
movement of the safety shape. There was no intrusion into the occupant compartment and
minimal deformation of the compartment. The vehicle trajectory at loss of contact indicated
minimum intrusion into adjacent traffic lanes. The vehicle remained upright and relatively -
stable during the collision. : R

Performance of the safety shape in this test is judged acceptable as md1cated 1n flgure
49 and table 17. ;
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Figure 48. Vehicle and safety shape for test 7069-14.
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32-in (813-mm) F-Shape

Test Number 7069-3

Vehicle: 1980 Honda

Test Inertia Weight: 1,800 Ib (817 kg)
Gross Static Weight: 1,966 Ib (893 kg)
Impact Speed: 60.1 mi/h (96.7 km/h)
Impact Angle: 21.4 deg

The vehicle impacted the bridge railing at midlength. At approximately 0.025 s after
impact the right front tire began to ride up the concrete face of the bridge railing, and by
0.034 s the vehicle began to redirect. As the vehicle continued forward, the right side of the
vehicle continued to ride up the face of the bridge railing, and at 0.186 s the left front wheel
left the ground. The rear of the vehicle hit the railing at 0.189 s, and at 0.271 s the vehicle
was parallel with the railing. The vehicle was in contact with the railing for 10.3 ft (3.1 m).
It lost contact with the railing at 0.276 s after impact. As the vehicle exited the railing, it
had a yaw angle of 0.9 degree and a trajectory path of 6.2 degrees. The vehicle brakes were
applied and the vehicle subsequently came to rest 209 ft (64 m) downstream and 27 ft (8 m)
toward the field side of the point of impact.

The railing received cosmetic damage only (figure 50). There were tire marks on the
face of the bridge railing indicating the vehicle rose a maximum height of about 27 in (610

mm).

The vehicle sustained extensive damage to the right front corner (figure 50).
Maximum crush at the right front corner at bumper height was 9.0 in (229 mm). The right
front and right rear wheel rims were bent and the wheel assembly and suspension damaged.
The passenger door was bent and jammed and the right side was dented and scraped. The
hood was bent and shifted to the left. The windshield frame was bent and the windshield
was cracked. The roof of the vehicle was buckled and twisted.

The railing contained and smoothly redirected the vehicle with no lateral movement of
the railing. There were no debris or detached elements. There was no intrusion into the
occupant compartment although some deformation of the compartment occurred. The vehicle
trajectory at loss of contact indicated minimum intrusion into adjacent traffic lanes. The
vehicle remained upright and stable during the entire test period.

Performance of the rallmg in thlS test is judge acceptable, as indicated in figure 51
and table 18.
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Figure 50. Vehicle and F-shape for test 7069-3.

102



'£7690L 1591 10j synsar jo Arewwing ‘16 amngiy

6 6'p ° - - ~MLuwwq
6 1°2- © -leuipnyiBuor
SuoL31e43|820y umopaply juednaag
(s/w 2:1) s/ L°€¢ * ° °  |easjen
(s/u'g*g) s/34 0°61 * - [eurpnyibuoy
A313013p 3oedu] juednaog
m w.NH e e & . FNL@“MJ
bog- - “Leutpnyibuo
(bay 23s-0g0°0 "Xey)
SUOLIRUB|3IDY 3|dLyap
bap z:9 - Aa0323leu) 71x3
(4/wy €-g8) y/ww g-gg - - - ‘paads 31x3
bap p-1z - - "9 6uy joedu]
(u/wy £°96) y/1uw ['09 * - °paads joedug

(ww 622) ut 0°6 * ysnuy 9|OLYyap wnuwixey
YMIINTO B eXFy410 ¢ ¢ ¢ - - ¢ - L 209
VO&N&HO - . . . . . . . . Q<..—.
=o_.pmu_.......—mmm_.u mmmEmc w_.u_.:w>
(6% €68) ql 996 = * - - - 917e]1S ssouy
(6% £18) q1 o0g‘r * + - - - BLI4BUT 3s3)
1yBLap aoLyap
Xa o0o¢€T
BPUOH 0861 * * * * .+ * - g[31yap
(W 0g) 34 001 © * y3busq uotje|eysug
bui[iey abptug adeys-4
(uu-¢18) ut-gg -+ - - uotie|fejsur 3sa]
N@\@N\N . .;. e e e o « e o QPMO
€-690L * * * * * c c - -oN 359

103



sseq

ssed

ssed

ssed

sseq

sseq

ssed

sseq

sseq

*11V34/SSvd

(1 aLqe} 98S) ‘-paaLssp ade H pue ‘4 ‘3 -paditnhbad ade g pue q 9 ‘g ‘Y «

saaubap 29 sem ajbue 31x3

6'p I"2-
{euaaje] LeutpnyLbuoT
$,b - SUOLIeA9[900y UMOpaply juedniog
(271 L€z (8°5) 0°61
[e4a3e] feutpnytbuo

(5/WU) 5733 - K31D00[9p 3oeduw] juednodQ

dle4 ge’
JUDUWSSISSY T

pajdasLpaJd A|Yl00uws Sem 3|ILYap

3ybradn pautewsa 8|dL1Yap

uotjewiogap a|qeidadoy

quswiaedwod
Jdabuassed pajeaiauad sLuqgep ON

paulejuod SeM 3|JLYap

S1nS3Y 1S3l

saaubap
21 ueyy ssa| aq ||eys a|bue 31x3

SI S
[e49ie] Leutpnitbuod
§,b - SUOL7BA8 930y UMOpapry zuednddQ
(9°1) sz (2°6) o€
Leaaie] Leutpnjibuo

(S7W)5/3F - A3Lo0|9p 3oedw] FuednooQ

ueyy ssa| aq [|eys

Leutbuaey GE" <
die4 geg' - 9¢°

pooYy 62" -0
TUBWSSISSY -0

UoL1doid4 4O JUBLILJ4B0D 3AL]O944]
3LOLYIA 8y} 3o34Lpad ALyroows 3sny
v;m@;a: Utewad 3snw 3|dLYap

uotjewsolsp ou A||eL3uassa
aAey 3snuw juswidedwod usbuassed

juswiJedwod usbuassed
ajedajauad jou ||eys staqgeg

"9[JLY3A ULRIUOD 1SNy

VAGEIR LN

‘H

{[sasubap - 12| (uy/wy £°96) y/tw 1-09| (6% £18) 4L 008°‘1] Butftey abptug adeys-4 (ww-g1g8) uL-zg)

‘€-690/ °"OuU 1S31 Yysedd JO uoijen|eAj

‘81 @lqel

104



Test Number 7069-4

Vehicle: ©~ =~ 1981 Chevrolet Pickup
Test Inertia Weight: 5,440 Ib (2 470 kg)
Gross Static Weight: 5,780 1b (2 624 kg)
Impact Speed: 65.4 mi/h (105.2 km/h)
Impact Angle: ~ 20.4 deg

The vehicle impacted the bridge railing at midlength. At approximately 0.013 s after
impact the right front wheel began to ride up the face of the bridge railing, and at 0.019 s
the right front tire aired out. The vehicle began to redirect as the rear end began to slide
toward the bridge railing. The dummies began to move abruptly to the right at 0.046 s, and
at 0.106 s the passenger dummy’s head shattered the right side window glass. At 0.139 s the
left front wheel left the ground and at 0.141 s the rear of the vehicle slapped the bridge
railing and aired out the right rear tire. By 0.154 s the vehicle was totally airborne and
remained so as it became parallel with the railing (at 0.179 s) and exited the railing (at 0.238
s). The left front wheel touched down at 0.287 s and the right touched down at 0.433 s.

The vehicle exited the railing with a yaw angle of 0.4 degrees and a vehicle trajectory path
of 7.4 degrees. It was in contact with the railing for 18.0 ft (5.5 m). The brakes were
applied and the vehicle subsequently came to rest 240 ft (73 m) downstream and 37 ft (11 m)
toward the field side of the point of impact.

The railing received only cosmetic damage (figure 52). There were tire marks on the
face of the bridge railing which indicated the vehicle rose a maximum height of 24 in (610

mm) above the ground.

The vehicle sustained extensive damage to the right side (figure 52). Maximum crush
at the right front corner at bumper height was 5.0 in (127 mm). The right front and right
rear wheel rims were bent and the tires were deflated. The wheel assembly and suspension
was damaged. The passenger door was bent and jammed and the window broken out. The
right rear panel was dented and scraped. The hood was bent and shlfted to the left. The cab
of the vehicle was tw1sted

The railing contained and smoothly redirected the vehicle with minimal lateral
movement of the railing. There were no debris or detached elements. There was no
intrusion into the occupant compartment although some deformation of the right door
occurred. The vehicle trajectory at loss of contact indicated minimum intrusion into adjacent
traffic lanes. The vehicle remained upright and stable during the entire test period.

Performance of the railing in this test is judged acceptable, as indicated in figure 53
and table 19.

105



Figure 52. Vehicle and F-shape for test 7069-4.
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Test Number 7069-8

Vehicle: 1982 Ford Single-Unit Truck
Test Inertia Weight: 18,050 1b (8 195 kg)

Empty Weight: 13,050 1b (6 288 kg)

Impact Speed: 46.7 mi/h (75.1 km/h)
TImpact Angle: 15.0 deg

[NOTE: In test 7069-8, the engine of the test vehicle (which was remotely
controlled) stalled, causing the impact speed of the test vehicle to be lower than specified in
the crash test requirements (46.7 mi/h vs 50 mi/h). The test was repeated (7069-9) and
again the impact speed was too low (47.3 mi/h vs 50 mi/h). In a third test (7069-11), an
acceptable impact speed of 52.1 mi/h was attained.] ,

The vehicle impacted the bridge railing at midlength. At approximately 0.021 s after
impact the right front wheel began to ride up the face of the bridge railing, and at 0.163 s
the left front tire began to leave the ground. The vehicle began to redirect at 0.184 s as the
rear end began to slide toward the bridge railing. At 0.343 s the left rear wheels left the
ground, and at approximately 0.448 s the rear of the vehicle slapped the bridge railing. By
approximately 0.495 s the vehicle became parallel with the railing and was continuing to roll
to the right. As the vehicle continued along the railing, the lower edge of the bed rode along
the top of the railing. A maximum roll angle of 34 degrees was achieved at about 1.286 s.
The vehicle slid off the end of the bridge railing at about 1.713 s after impact. Total length
of contact with the railing was 60 ft (18 m). The brakes were applied and the vehicle
subsequently came to rest 186 ft (57 m) downstream.

The railing received only cosmetic damage (figure 54). There were tire marks on the
face of the bridge railing and along the top. The top of the bridge railing was scraped along
the remaining length from the lower edge of the bed of the truck. '

The vehicle sustained extensive damage to the right side (figure 54). Maximum crush
at the right front corner at bumper height was 6.0 in (152 mm). The right front wheel rim
was bent and the tire damaged. The spring and spring shackle was broken loose from the
axle. The steering gear box and steering cylinder was damaged. Also, the fuel tank broke
loose from the truck.

The railing contained and smoothly redirected the vehicle with no lateral movement of
the railing. There were no debris or detached elements. There was no intrusion into the
occupant compartment. The vehicle trajectory at loss of contact indicated minimum intrusion
into adjacent traffic lanes. The vehicle remained upright and marginally stable during the
entire test period. ' ‘

Performance of the railing in this test is judged acceptable, as indicated in figure 55
and table 20.
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Figure 54. Vehicle and F-shape for test 7069-8.
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Test Number 7069—9

Vehicle: 1982 Ford Single-Unit Truck

‘Test Inertia Weight: 18,050 Ib (8 195 kg)
Empty Weight: 13,050 1b (6 288 kg)
Impact Speed: 47.3 mi/h (76.1 km/h)
Impact Angle: 15.3 deg

The vehicle impacted the bridge railing at midlength. At approximately 0.017 s after
impact the right front wheel began to ride up the face of the bridge railing, and at 0.153 s
the left front tire began to leave the ground. The vehicle began to redirect at 0.156 s as the
rear end began to slide toward the bridge railing. At 0.292 s the left rear wheels left the
ground, and at 0.421 s the rear of the vehicle contacted the bridge railing. By approximately
0.523 s the vehicle became parallel with the railing and was continuing to roll to the right.
As the vehicle continued along the railing, the lower edge of the bed rode along the top of
the railing. A maximum roll angle of 25 degrees was achieved at about 0.886:s. The
vehicle slid off the end of the bridge railing at about 1.326 s after impact. The brakes were
applied and the vehicle subsequently came to rest 150 ft (46 m) downstream. .

The railing received only cosmetic damage (figure 56). There were tire marks on the
face of the railing and along the top. The top of the bridge raxhng was scraped along the
remaining length from the lower edge of the bed of the truck

The vehicle sustained extensive damage to the right side (figure 56). Maximum crush
at the right front corner at bumper height was 16.0 in (406 mm). The right front wheel rim
was bent and the tire damaged. The spring and spring shackle was broken loose from the
axle and the axle torn loose on the left side. The steering gear box and steermg cylinder was
damaged. Also, the fuel tank broke loose from the truck.

The railing contained and smoothly redirected the vehicle with no lateral movement of
the railing. There was no debris or detached elements. There was no intrusion into the
occupant compartment. The vehicle trajectory at loss of contact indicated minimum intrusion
into adjacent traffic lanes.. The vehicle remained upright and marginally stable during the

entire test period.

Performance of the railing in this test is judged acceptable, as indicated in figure 57
and table 21.
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Figure 56. Vehicle and F-shape for test 7069-9.
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Test Number 7069-11

Vehicle: 1982 Ford Single-Unit Truck
Test Inertia Weight: 18,000 1b (8 172 kg)

Empty Weight: 13,530 1b (6 145 kg)

Impact Speed: . 52.1 mi/h (83.8 km/h)
Impact Angle: 14.8 deg

The vehicle impacted the bridge railing at midlength. At approximately 0.022 s after
impact the right front wheel began to ride up the face of the bridge railing, and at 0.132 s
the left front tire began to leave the ground. The vehicle began to redirect at 0.144 s as the
rear end began to slide toward the bridge railing. At 0.240 s the left rear wheels left the
ground, and at 0.350 s the rear of the vehicle slapped the bridge railing. By approximately
0.524 s the vehicle became parallel with the railing and was continuing to roll to the right.
As the vehicle continued along the railing, the lower edge of the bed rode along the top of
the railing. A maximum roll angle of 31 degrees was achieved at about 0.683 s. The
vehicle slid off the end of the bridge railing at approximately 1.346 s after impact. The
brakes were applied and the vehicle subsequently came to rest 231 ft (70 m) downstream.

The railing received only cosmetic damage (figure 58). There were tire marks on the
face of the bridge railing and along the top. The top of the bridge railing was scraped along
the remaining length from the lower edge of the bed of the truck. The vehicle was in contact
with the bridge railing for 39 ft (12 m). '

The vehicle sustained extensive damage to the right side as shown in figure 58.
Maximum crush at the right front corner at bumper height was 20.0 (508 mm). The front
axle was torn loose which caused damage to the springs, shackles, U-bolts, and tie rods.

The steering arm and cylinder were damaged and the oil pan was dented. Also, the fuel tank
broke loose from the truck.

The railing contained and smoothly redirected the vehicle with no lateral movement of
the railing. There was no debris or detached elements. There was no intrusion into the
occupant compartment. The vehicle trajectory at loss of contact indicated minimum intrusion
into adjacent traffic lanes. The vehicle remained upright and marginally stable during the

entire test period.

Performance of the railing in this test is judged acceptable, as indicated in figure 59
and table 22.
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Figure 58. Vehicle and F-shape for test 7069-11.
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BR27C on Sidewalk

Test Numbe_r 7069-24

Vehicle: ‘ 1982 Honda Civic
Test Inertia Weight: 1,800 1b (817 kg)
Gross Static Weight: 1,965 1b (892 kg) -
Impact Speed: 61.7 mi/h (99.3 km/h)
Impact Angle: 18.7 deg ‘

At approximately 0.025 s after impact, the left front corner of the vehicle began to
deform and at 0.185 s the right front tire impacted the curb. The vehicle impacted the
concrete parapet at 0.219 s traveling at a speed of 55.5 mi/h (89.3 km/h) and an angle of
18.1 degrees. At 0.267 s the vehicle began to redirect significantly, and at 0.302 s the right
rear tire impacted the curb. The vehicle briefly lost contact with the parapet at 0.397 s,
became totally airborne, and remained as such as it began to travel parallel with the bridge
railing at a speed of 50.9 mi/h (81.9 km/h). The rear of the vehicle contacted the parapet at
0.440 s and then exited the bridge railing at 0.521 s traveling at a speed of 50.3 (80.9 km/h)
and an exit angle of 1.0 degrees. The vehicle was in contact with the bridge railing system
for 12.25 ft (3.7 m). As the vehicle exited the bridge railing installation, the brakes were
applied. The vehicle yawed clockwise and subsequently came to rest 187 ft (57 m) down
and 50 ft (15 m) toward the traffic side of the point of impact.

The bridge railing system received minimal damage (figure 60). There was no
measurable permanent deformation to the metal railing elements; however, the left corner of
the bumper had snagged post 6 (leaving plastic trim). Also, posts 5 and 6 were pulled up
such that the washers rotated freely under the nuts on the front side of the railing. There
was only cosmetic damage to the concrete parapet, i.e., tire marks on the concrete parapet
from post 5 on past post 6 and then again between posts 8 and 9 where the vehicle contacted
the parapet the second time.

The vehicle sustained damage to the left side (figure 60). Maximum crush at the left
“front corner at bumper height was 7.5 in (191 mm). The left front strut was bent and the left
front wheel was pushed back reducing the wheelbase on the driver side by 3 in (76 mm).
Also damage was done to the front bumper, hood, left front quarter panel, left rear quarter
panel, rear bumper, left front and rear tires and rims, and right front tire.

The railing contained the vehicle with no lateral movement of the railing. There was
no intrusion of railing components into the occupant compartment and no debris to present
undue hazard to other traffic. The integrity of the occupant compartment was maintained
with no intrusion and no deformation. The vehicle remained upright and relatively stable
during the collision. The bridge railing system smoothly redirected the vehicle. Although
the lateral ridedown acceleration of 17.2 g’s was slightly above the recommended limit,
performance was judged acceptable for this category because it was well within the limits of
the other three occupant risk factors. The vehicle trajectory at loss of contact indicated
minimum intrusion into adjacent traffic lanes.
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Figure 60. Vehicle and railing for test 7069-24.

122



Performance of the railing in this test is judged acceptable, as indicated in figure 61
and table 23. o
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Test Number 7069-25

Vehicle: 1984 GMC Pickup
Test Inertia Weight: 5,400 1b (2 452 kg)
Gross Static Weight: 5,568 1b (2 528 kg)
Impact Speed: 62.6 mi/h (100.7 km/h)
Impact Angle: 19.4 deg

The vehicle impacted the curb approximately 8.8 ft (2.7 m) downstream from the
end. As the left front wheel of the vehicle mounted the curb, the tire was deflated. At
approximately 0.064 s after impact, the vehicle began to redirect, and at 0.118 s the left rear
tire contacted the curb. The vehicle bumper impacted the concrete parapet (near post 4) at
0.150 s traveling at a speed of 59.8 mi/h (96.2 km/h) and an angle of 17.9 degrees. At
0.167 s the right front wheel contacted the curb and the vehicle impacted the metal railing
element. By 0.214 s the vehicle began to redirect significantly, and by 0.329 s the vehicle
was traveling parallel with the bridge railing at a speed of 56.7 mi/h (91.2 km/h). The rear
of the vehicle contacted the concrete parapet at 0.348 s and then exited the bridge railing at
0.463 s traveling at a speed of 53.5 (86.1 km/h) and an exit angle of 5.4 degrees. The
vehicle was in contact with the bridge railing system for a total of 13.0 ft (4.0 m). As the
vehicle exited the bridge railing installation, the brakes were applied. The vehicle yawed
counter-clockwise and subsequently came to rest 210 ft (64 m) down and 6 ft (2 m) toward
the field side of the point of impact. '

The railing system received minimal damage (figure 62). There was no measurable
permanent deformation to the metal railing elements; however, the left corner of the bumper
had snagged post 5 and pulled it up such that the washer rotated freely under the nut on the
left front side of the railing. There was only cosmetic damage to the concrete parapet, i.e.,
tire marks on the concrete parapet from post 4 to post 6.

The vehicle sustained damage to the left side (figure 62). Maximum crush at the left
front corner at bumper height was 12.0 in (305 mm) and the right front corner was deformed
outward 7.0 in (178 mm). The left front wheel was pushed back reducing the wheelbase on
the driver side by 2.25 in (57 mm). Also, damage was done to the front bumper, hood,
grill, the left front quarter panel, left door and glass, left rear quarter panel, rear bumper and
tailgate, left front tire and rim, and right front tire. The welds on the left rear rim broke and
the tire separated from the rim.

The railing contained the vehicle with no lateral movement of the railing. There was
no intrusion of railing components into the occupant compartment and no debris to present
undue hazard to other traffic. The integrity of the occupant compartment was maintained
with no intrusion and no deformation. The vehicle remained upright and relatively stable
during the collision. The bridge railing system smoothly redirected the vehicle. The
effective coefficient of friction was considered good. The occupant risk factors were well
within the specified limits. The vehicle trajectory at loss of contact indicates minimum
intrusion into adjacent traffic lanes.
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Figure 62. Vehicle and railing for test 7069-25.
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Performance of the railing in this test is judged acceptable, as indicated in figure 63
and table 24.
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Test Number 7069-26

Vehicle: 1980 Ford Single-Unit Truck
Test Inertia Weight: 18,000 Ib (8 172 kg)

Empty Weight: 10,550 Ib (4 790 kg)

Impact Speed: 51.0 mi/h (82.0 km/h)
Impact Angle: 13.7 deg

At approximately 0.084 s after impact, the vehicle began a slight counter-clockwise
yaw, and at 0.220 s the left rear tire contacted the curb of the sidewalk. The vehicle bumper
impacted the concrete parapet (3 ft (1 m) downstream of post 7) at 0.290 s traveling at a
speed of 47.9 mi/h (77.1 km/h) and an angle of 14.4 degrees. At 0.307 s the left front
wheel contacted the parapet, and at 0.368 s the right front wheel and part of the hub broke
loose from the axle. By 0.431 s the vehicle began to redirect and at 0.502 s the axle
contacted the curb. The vehicle was moving parallel with the bridge railing by 0.590 s
traveling at a speed of 44.8 mi/h (72.1 km/h). The rear of the vehicle contacted the concrete
parapet at 0.607 s and, as the vehicle continued forward, the lower edge of the vehicle’s
cargo box pulled the metal railing off posts 10 through 14. The front of the cab dropped off
the end of the curb at 1.325 s and, as the vehicle exited the test site, it rode over the
dislodged axle and drive shaft. The vehicle was in contact with the bridge railing system for
a total of 63 ft (19 m). The vehicle subsequently came to rest 195 ft (59 m) from the point
of impact. o

The railing system received moderate damage (figure 64). There was no measurable
permanent deformation to the metal railing elements in the immediate impact area; however
the bolts connecting the railing to the posts from 10 through 14 were sheared as a result of
vertical load from the cargo box. There was only cosmetic damage to the concrete parapet,
i.e., tire marks on the concrete parapet from post midway of posts 7 and 8 to post 11 and
then again from posts 13 to 14. : ‘

The vehicle sustained damage to the left side (figure 64). Maximum crush at the left
front corner at bumper height was 6.0 in (152 mm). The front axle broke loose and became
separated fromi the vehicle as-did the drive shaft. There was damage to the springs and
shocks, steering box, front bumper, left front quarter panel, left door, and left front tire and
rim. The lower edge of the left side of the cargo box was also damaged.

The railing contained the vehicle with minimal lateral movement of the railing. There
was no intrusion of railing components into the occupant compartment and no debris to
present undue hazard to other traffic. The integrity of the occupant compartment was
maintained with no intrusion and no deformation. The vehicle remained upright and
relatively stable during the collision. The bridge railing system smoothly redirected the
vehicle. The effective coefficient of friction was considered marginal to good. The vehicle
trajectory at loss of contact indicated minimum intrusion into adjacent traffic lanes.

Performance of the railing in this test is judged acceptable, as indicated in figure 65
and table 25.
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Figure 64. Vehicle and railing for test 7069-26.
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BR27C on Deck

Test Number 7069-32

Vehicle: 1983 Honda Civic
Test Inertia Weight: 1,800 1b (817 kg)
Gross Static Weight: 1,970 1b (894 kg)
Impact Speed: 60.3 mi/h (97.0 km/h)
Impact Angle: 19.8 deg -

At 0.040 s after impact, the front of the vehicle began to deform to the right, and at
0.049 s the vehicle began to redirect. The roof of the vehicle began to deform at 0.084 s
after impact. By 0.145 s the vehicle was traveling parallel to the bridge railing at a speed of
53.6 mi/h (86.2 km/h), and at.0.155 s the rear of the vehicle impacted the bridge railing.
The vehicle lost contact with the bridge railing at 0.258 s traveling at 50.6 mi/h (81.4 km/h)
and 6.6 degrees. The vehicle was in contact with the bridge railing for 9.9 ft (3.0 m). The
brakes on the vehicle were applied at 1.4 s after impact and the vehicle subsequently came to
rest 210 ft (64 m) down from and 120 ft (37 m) toward the traffic side of the point of

impact.

The railing received minimal damage (figure 66). There was no deformation to the
metal railing element.

The vehicle sustained damage to the right side (figure 66). Maximum crush at the
right front corner at bumper height was 6.5 in (165 mm), and there was a 1.0-in (25-mm)
dent into the occupant compartment at the fire wall. The passenger door was deformed
outward approximately 1.3 in (33 mm) and the wheelbase on the right side was reduced 3.0
in (76 mm). An 8-in by 14-in by 7/16-in (203-mm by 356-mm by 11-mm) deep dent in the
roof just over the right rear passenger location. The right front strut and sway bar were
damaged and the instrument panel was bent. Also, damage was done to the front bumper,
hood, grill, radiator, fan, right front quarter panel, right front rim, right door, right rear
quarter panel, and right rear rim. '

The railing contained the vehicle with no lateral movement of the railing. There was
no intrusion of railing components into the occupant compartment although there was a 1-in
(25-mm) dent into the occupant compartment at the fire wall. The vehicle remained upright
and relatively stable during the collision. The bridge railing redirected the vehicle and the
effective coefficient of friction was considered good. Velocity change of the vehicle during
the collision was 9.7 mi/h (15.6 km/h). The occupant impact velocities and the occupant
ridedown accelerations were within the limits. The vehicle trajectory at loss of contact
indicated minimum intrusion into adjacent traffic lanes.

Performance of the railing in this test is judged acceptable, as indicated in figure 67
and table 26.
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Figure 66. Vehicle and railing for test 7069-32.
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Test Number 7069-33

Vehicle: 1985 Chevrolet Pickup
Test Inertia Weight: 5,400 1b (2 452 kg)
~Gross Static Weight: 5,570 1b (2 529 kg)
Impact Speed: 55.3 mi/h (89.0 km/h)
Impact Angle: 19.6 deg ,

At 0.022 s after impact the vehicle bumper began to ride up the barrier, and at 0.039
s the vehicle began to redirect. The bumper went between the concrete beam and lower
metal railing element at 0.054 s, and at 0.083 the vehicle made contact with post 4. By
0.195 s the vehicle was traveling parallel to the bridge railing at a speed of 47.9 mi/h (77.1
km/h), and at 0.208 s the rear of the vehicle impacted the bridge railing. The vehicle lost
contact with the bridge railing at 0.315 s traveling at 44.8 mi/h (72.1 km/h) and 6.5 degrees.
The vehicle was in contact with the bridge railing for 11.0 ft (3.4 m). The brakes on the
vehicle were applied at 1.7 s .after impact and the vehicle subsequently came to rest 225 ft
(68.6) down from and 5 ft (2 m) behind the point of impact.

The railing received minimal damage (figure 68). There was 0.5 in (13 mm)
deformation to the lower metal railing element and there was a hairline crack in the concrete
beam 17.5 in (445 mm) down from post 3.

The vehicle sustained damage to the right side (figure 68). Maximum crush at the
right front corner at bumper height was 9.0 in (229 mm) and there was a 0.5-in (13-mm)
dent into the occupant compartment at the fire wall. The wheelbase on the right side was
reduced 2.0 in (51 mm). The sway bars were damaged and the frame was bent. Also,
damage was done to the front bumper, hood, grill, radiator, fan, right front quarter panel,
right front tire and rim, right door, right rear quarter panel, rear bumper, right rear rim, and
left front quarter panel.

The railing contained the vehicle with no lateral movement of the railing. There was
no intrusion of railing components into the occupant compartment although there was a 0.5-
* in (13-mm) dent into the occupant compartment at the fire wall. The vehicle remained
upright and relatively stable during the collision. The bridge railing redirected the vehicle
and the effective coefficient of friction was considered good. Velocity change of the vehicle
during the collision was 10.5 mi/h (16.9 km/h). The occupant impact velocities and the
occupant ridedown accelerations were within the limits. The vehicle trajectory at loss of
contact indicated minimum intrusion into adjacent traffic lanes.

Performance of the. railing in this test is judged acceptéible, as indicated in figure 69
and table 27. '
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Figure 68. Vehicle and railing for test 7069-33.
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Test Number 7069-34

Vehicle: 1981 Ford Single-Unit Truck
Test Inertia Weight: 18,000 Ib (8 172 kg)

Empty Weight: 10,490 1b (4 762 kg)

Impact Speed: 52.5 mi/h (84.5 km/h)
Impact Angle: 12.8 deg

As the vehicle impacted the bridge railing, the vehicle bumper began to ride up the
concrete parapet. At 0.017 s after impact the right front wheel made contact with the
concrete parapet, and at 0.072 s a significant clockwise steer input occurred. The bumper
went between the concrete parapet and lower metal railing element at 0.094 s, and by 0.118
s the vehicle was traveling parallel to the bridge railing at a speed of 46.8 mi/h (75.3 km/h).
At 0.174 the vehicle bumper made contact with post 6 and then contacted post 7 at 0.276 s.
The vehicle lost contact with the bridge railing at approximately 0.811 s traveling at 44.6
mi/h (71.8 km/h) and 3.5 degrees. The brakes on the vehicle were applied at 1.9 s after
impact and the vehicle subsequently came to rest 225 ft (68.6) from the point of impact. The
vehicle was in contact with the bridge railing for 41.0 ft (12.5 m).

The railing received minimal damage with most being contained within the area
around posts 4, 5, and 6. Cracking occurred in posts 4 and 5 in the heat affected zone in the
posts at the post-to-baseplate connection. The crack occurred at the corners on the traffic
side of the tubular steel element (corner of maximum stress) and extended approximately 1 in
in both directions. There was a hairline crack in the concrete parapet in line with the rear
post bolts at post 4. There was 1.5 in (38 mm) deformation to the metal railing element
between posts 4 and 5.

The vehicle sustained damage mostly to the right side (figure 70). Maximum crush at
the right front corner at bumper height was 28.0 in (711 mm). The steering arm, front
springs and shackles, left front king pin and front axle were damaged and the frame was
bent. Also, damage was done to the front bumper, right front quarter panel, right front tire
and rim, right door, right rear outside tire and rim, gas tank and box-van.

The railing contained the vehicle with minimal lateral movement of the railing. There
was no intrusion of railing components into the occupant compartment. The vehicle
remained upright and relatively stable during the collision. The bridge railing redirected the
vehicle and the effective coefficient of friction was considered marginal. Velocity change of
the vehicle during the collision was 9.7 mi/h (15.6 km/h). The vehicle trajectory at loss of
contact indicated minimum intrusion into adjacent traffic lanes.

Performance of the railing in this test is judged accéptable, as indicated in figure 71
and table 28.
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Figure 70. Vehicle and railing for test 7069-34.
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Illinois Side-Mounted Railing

Test Number 7069-35

Vehicle: 1981 Honda Civic
Test Inertia Weight: 1,800 Ib (817 kg)
Gross Static Weight: 1,970 b (894 kg)
Impact Speed: 59.9 mi/h (96.4 km/h)
Impact Angle: 20.1 deg

Upon impact the front bumper was pushed toward the passenger side of the vehicle
and the bumper then separated from the vehicle on the passenger side. At 0.044 s after
impact the vehicle began to redirect, and at 0.065 s the windshield began to crack at the
lower corner on the driver side. The lower edge of the left front tire began to ride down the
slope of the asphalt between the lower rail element and deck, and by 0.113 s the tire reached
the lowest point under the rail element. By 0.136 s the vehicle was traveling parallel to the
bridge railing at a speed of 51.1 mi/h (86.2 km/h), and at 0.148 s the rear of the vehicle
impacted the bridge railing. By this time the left front tire was returning to the asphalt
surface. The vehicle lost contact with the bridge railing at 0.190 s traveling at 50.8 mi/h
(81.7 km/h) and 6.4 degrees. The vehicle was in contact with the bridge railing for 8.4 ft
(2.6 m). The brakes on the vehicle were applied at 1.65 s after impact, the vehicle yawed
clockwise and subsequently came to rest 150 ft (46 m) down from and 114 ft (35 m) in front
of the point of impact.

The railing received minimal dainage (figure 72). There was no deformation to the
metal rail element.

The vehicle sustained damage to the left side (figure 72). Maximum crush at the left
front corner at bumper height was 7.5 in (190 mm) and there was a 1.3-in (33-mm) dent into
the occupant compartment at the fire wall. The driver door was deformed outward
approximately 4.1 in (104 mm) and there was a small dent in the roof just above the B-pillar.
The left front strut and sway bar were damaged, the instrument panel was bent, the
windshield cracked, and the A-pillar was bent on the driver side. Also, damage was done to
the front bumper, hood, grill, left front and rear quarter panel, left front and rear rim, and

left door.

The railing contained the vehicle with no lateral movement of the railing. There was
no intrusion of railing components into the occupant compartment although there was a 1.3-
in (33-mm) dent into the occupant compartment at the fire wall. The vehicle remained
upright and relatively stable during the collision. The bridge railing redirected the vehicle
and the effective coefficient of friction was considered good. Velocity change of the vehicle
during the collision was 9.1 mi/h (14.6 km/h). The longitudinal occupant impact velocity
and the occupant ridedown accelerations were within the limits, however the lateral impact
velocity of 25.8 ft/s was considered marginal. The vehicle trajectory at loss of contact
indicated minimum intrusion into adjacent traffic lanes.
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Figure 72. Vehicle and railing for test 7069-35.
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Performance of the railing in this test is judged acceptable, as indicated in figure 73
and table 29. -
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Test Number 7069-36

Vehicle: 1686 Chevrolet Pickup
Test Inertia 5,400 Ib (2 452 kg)
Gross Static Weight: 5,565 1b (2 526 kg)
Impact Speed: 60.4 mi/h (97.2 km/h)
Impact Angle: 20.4 deg

At 0.017 s after impact, the left front tire contacted the lower rail element and at
0.027 s the vehicle began to redirect. At 0.036 s the left front wheel redirected and the tire
began to ride along the edge of the asphalt slope on the bridge deck. The dummy’s shoulder
impacted the door of the vehicle at 0.080 s and the door glass shattered at 0.107 s. By 0.182
s the vehicle was traveling parallel to the bridge railing at a speed of 56.6 mi/h (91.1 km/h),
and at 0.189 s the rear of the vehicle contacted the bridge railing. The vehicle lost contact
with the bridge railing at 0.291 s traveling at 55.6 mi/h (89.5 km/h) and 9.0 degrees. The
vehicle was in contact with the bridge railing for 14.8 ft (4.5 m). The brakes on the vehicle
were applied at 1.4 s after impact. One of the rear wheels locked up causing the vehicle to
yaw counter-clockwise into a protective barrier, and it subsequently came to rest 330 ft (100
m) down from and 16 ft (5 m) toward the field side of the point of impact.

The railing received moderate damage (figure 74). There was 1.0 in (25 mm)
deformation to the upper rail element and 0.75 in (19 mm) to the lower rail element near
post 5. The flanges on posts 4 and 5 were deformed just above the angles (L6x4x1/4x4) and
these angles were bent.

The vehicle sustained damage to the left side. Maximum crush at the left front corner
at bumper height was 13.0 in (330 mm) and there was a 0.4-in (10-mm) dent into the
occupant compartment at the fire wall and center tunnel. The frame was bent and the door
on the driver side was deformed outward 3.2 in (81 mm). Also, damage was done to the
front bumper, hood, grill, radiator, fan, left front quarter panel, left front tire and rim, left
door, left rear quarter panel, rear bumper, and left rear rim. Most of the damage to the
right side of the vehicle was sustained when the vehicle impacted the protective barrier.

The railing contained the vehicle with minimal lateral movement of the railing. There
was no intrusion of railing components into the occupant compartment although there was a
0.4-in (10-mm) dent into the occupant compartment at the fire wall. The vehicle remained
upright and relatively stable during the collision. The railing redirected the vehicle and the
effective coefficient of friction was considered good. Velocity change of the vehicle during
the collision was 4.8 mi/h (7.7 km/h). The occupant impact velocities and the occupant
ridedown accelerations were within the limits. The vehicle trajectory at loss of contact
indicated minimum intrusion into adjacent traffic lanes.

Performance of the railing in this test is judged acceptable, as indicated in figure 75
and table 30.
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Test Number 7069-37

Vehicle: 1981 Ford Single-Unit Truck
Test Inertia Weight: 18,000 1b (8 172 kg)

Empty Weight: 10,810 Ib (4 908 kg)

Impact Speed: 51.4 mi/h (82.7 km/h)
Impact Angle: 14.7 deg

Approximately 0.022 s after impact, the left front tire of the vehicle impacted the
bridge railing and then rode up and steered into the rail. The vehicle began to redirect at
0.061 s, and by 0.261 s the vehicle was traveling parallel to the bridge railing at a speed of
46.8 mi/h (75.3 km/h). The rear of the vehicle contacted the bridge railing at approximately
0.283 s and the lower edge of the box-van set down on top of the rail at 0.331 s. It rode
along in this manner until the vehicle exited the rail. The cab of the vehicle reached a
maximum roll angle of about 12 degrees at 0.469 s. At 0.725 s the box-van had rolled to a
maximum of about 53 degrees, and at 0.822 s began to right itself. The vehicle rode off the
end of the bridge railing and the vehicle subsequently came to rest 165 ft (50 m) down from
and 9 ft (3 m) toward the field side of the point of impact. The vehicle was in contact with
the bridge railing for 69 ft (21 m).

The railing received moderate damage with most contained within the area between
posts 4 through 7. The upper and lower rails sustained gouges between posts 4 and 5 from
the lug nuts of the vehicle’s wheel. The head of the lower bolt on the top rail at post 5 was
torn off and the bolts on the lower element were loose. The angles at post 4 were slightly
bent and those at posts 5 and 6 were deformed. The spacers at posts 4 and 5 were knocked
loose and down. There was 2.5 in (64 mm) deformation to the upper rail element at post 5.

The vehicle sustained damage mostly to the left side (figure 76). Maximum crush at
the left front corner at bumper height was 8.0 in (203 mm). The front springs, shackles, and
U-bolt were damaged and the box-van shifted off the frame approximately 6 in (150 mm).
Also, damage was done to the front bumper, left front quarter panel, left front tire and rim,
left rear outside tire and rim, and lower edge of the box-van.

The railing contained the vehicle with minimal lateral movement of the railing. There
was no intrusion of railing components into the occupant compartment. The vehicle
remained upright and relatively stable during the collision. The bridge railing redirected the
vehicle and the effective coefficient of friction was considered good. The vehicle trajectory
at loss of contact indicated no intrusion into adjacent traffic lanes.

Performance of the railing in this test is judged acceptable, as indicated in figure 77
and table 31.
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Figure 76. Vehicle and railing for test 7069-37.
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PERFORMANCE LEVEL THREE RAILINGS

Two railing designs, as shown in table 32, were subjected to strength tests for
performance level three. ’

The 42-in (1.07-m) vertical-faced concrete parapet was tested with a 50,000-1b
(22 700-kg) tractor-trailer. Acceptable performance was obtained.

The 42-in (1.07-m) F-shape was tested with a 40,000-1b (18 160-kg) intercity bus

because that was the proposed test vehicle at the time. The railing was then tested with a
50,000-1b (22 700-kg) tractor-trailer. Performance was acceptable in both tests.
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42-in (1.07-m) Concrete Parapet - Test Number 7069-13

Vehicle: Tractor/Trailer

Test Inertia Weight: 50,050 1b (22 723 kg)
Empty Weight: 27,690 1b (12 571 kg)
Impact Speed: 51.4 mi/h (82.7 km/h)
Impact Angle: 16.2 deg

The vehicle impacted the parapet at 24 ft (7.3 m) from the upstream end. At
approximately 0.010 s after impact, the right front wheel contacted the parapet, and the left
front wheel became airborne at 0.135 s. The right front corner of the trailer contacted the
parapet at about 0.178 s. The tractor began to redirect at 0.178 s, and the trailer began to
redirect at 0.280 s. The rear wheels of the tractor lost contact with the pavement at 0.285 s,
and left rear wheels of the trailer became airborne at 0.349 s. The left side of the tractor
remained airborne until 0.417 s when the left front wheel touched down. The right rear
trailer wheels contacted the parapet at about 0.684 s. The vehicle attained maximum roll to
the right at about 1.165 s and began to roll left. The vehicle rode against the parapet and off
the end. The brakes were applied, and the vehicle came to rest on its left side approximately
181 ft (55 m) downstream from the point of impact.

The parapet received only cosmetic damage (figure 78). There were tire marks on
the parapet from just before the impact point extending a total of 85 ft (26 m) along the face.
There was also a piece of the top of the parapet chipped off.

The vehicle sustained extensive damage to the right side. Maximum crush at the right
front corner at bumper height was 18.0 in (457 mm). There was damage to the front axle,
Pittman arm, U-bolts, front leaf springs and bolts, front shock mounts, air brake lines, right
fuel cell, left rear spring pin and clamp, and exhaust pipe. The cab and left door were bent.

The parapet contained and redirected the vehicle with no lateral movement of the
parapet. There were no debris or detached elements. There was no intrusion into the
occupant compartment, although some deformation of the right door occurred. The vehicle
trajectory at loss of contact indicated minimum intrusion into adjacent traffic lanes; however,
the vehicle did not remain upright after the collision.

Performance of the parapet in this test is judged acceptable, as indicated in figure 79
and table 33.

This was the only test performed on the 42-in (1.07-m) concrete parapet.
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Figure 78. Vehicle and parapet for test 7069-13.
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42-in (1.07-m) F-Shape

Test Number 7069-7

Vehicle: 1954 GMC Scenicruiser Bus
Test Inertia Weight: 40,560 Ib (18 414 kg)
Empty Weight: 29,840 1b (13 547 kg)
Impact Speed: 55.7 mi/h (89.6 km/h)
Impact Angle: 15.7 deg

The vehicle impacted the bridge railing at 35 ft (10.1 m) from the upstream end. At
approximately 0.035 s after impact the right front wheel contacted the bridge railing. The
vehicle began to redirect at 0.098 s as the rear end began to slide toward the bridge railing.
The rear of the vehicle slapped the bridge railing at 0.3872 s, and by 0.396 s the vehicle was
traveling parallel with the bridge railing. The vehicle very briefly lost contact with the
bridge railing and contacted it again. The vehicle rode against the bridge railing and off the
end. The brakes were applied and the vehicle subsequently came to rest approximately 250
ft (76 m) downstream and 40 ft (12 m) on the field side of the point of impact.

The railing received only cosmetic damage (figure 80). There were tire marks on the
bridge railing from just before the impact point extending a total of 25 ft (7.6 m) along the
face. The vehicle then lost contact for 26 ft (7.9 m) and contacted the bridge railing for
another 21 ft (6.4 m) when the bridge railing ended. There was also a longitudinal hairline
crack along the bridge deck starting approximately at the point of impact for about 35 ft (11
m) running parallel to and nominally 2 ft (0.6 m) from the base of the railing.

The vehicle sustained extensive damage to the right side. Maximum crush at the right
front corner at bumper height was 4.0 in (102 mm). The right front and right rear wheel
rims were scratched. The front wheel assembly and suspension was damaged. The door
was bent and the windshield was broken out. The right rear panel was dented and scraped.

The railing contained and smoothly redirected the vehicle with no lateral movement of
the railing. There were no debris or detached elements. There was no intrusion into the
occupant compartment although some deformation of the right door occurred. The vehicle
trajectory at loss of contact indicated minimum intrusion into adjacent traffic lanes. The
vehicle remained upright and stable during the entire test period.

Performance of the railing in this test is judged acceptable, as indicated in figure 81
and table 34.
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Figure 80. Vehicle and parapet for test 7069-7.
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Test Number 7069-10

Vehicle: Tractor/Trailer

Test Inertia Weight: 50,000 1b (22 700 kg)
Empty Weight: 29,900 1b (13 574 kg)
Impact Speed: 52.2 mi/h (84.0 km/h)
Impact Angle: 14.0 deg

The vehicle impacted the bridge railing (figure 82) at 35 ft (10.1 m) from the
upstream end. At approximately 0.005 s after impact the right front wheel contacted the
bridge railing and began to ride up the face of the bridge railing. The right front wheel left
the pavement at 0.032 s, and the left front wheel left the pavement at 0.120 s. The vehicle
began to redirect at 0.124 s as the rear end began to slide toward the bridge railing. At
0.260 s the right front corner of the trailer contacted the top of the bridge railing. The rear
wheels of the tractor lost contact with the pavement at 0.309 s, and the tractor remained
airborne until 0.594 s when the front wheels touched down. The rear trailer wheels
contacted the bridge railing at about 0.785 s. The vehicle rode against the bridge railing and
off the end. The brakes were applied and the vehicle subsequently came to rest
approximately 300 ft (91 m) downstream from the point of impact.

The railing received only cosmetic damage (figure 83). There were tire marks on the
bridge railing from just before the impact point extending a total of 72 ft (21.9 m) along the
face. There was also a piece of the top of the bridge railing chipped off where the edge of
the trailer impacted.

The vehicle sustained extensive damage to the right side (figure 83). Maximum crush
at the right front corner at bumper height was 18.0 in (457 mm). Both outside right rear
wheel rims of the tractor were bent and the tires were deflated. The front wheel assembly
and suspension were damaged. The shock mounts were broken, the tie rods bent, the
steering rod was bent, and the springs were loose. The right side door was dented.

The railing contained and smoothly redirected the vehicle with no lateral movement of
the railing. There were no debris or detached elements. There was no intrusion into the
occupant compartment although some deformation of the right door occurred. The vehicle
trajectory at loss of contact indicated minimum intrusion into adjacent traffic lanes. The
vehicle remained upright and stable during the entire test period.

Performance of the railing in this test is judged acceptable, as indicated in figure 34
and table 35.
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-10.

Vehicle and parapet before test 7069

igure 82.

F
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Figure 83. Vehicle and parapet after test 7069-10.
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TRANSITIONS

Two transition designs were tested, one for performance level one and one for
performance level two, as shown in table 36. : :

The Oregon thrie-beam transition was designed to transition between a standard W-
beam guardrail and the Oregon side-mounted thrie-beam bridge railing. It was tested to
performance level one requirements and showed acceptable performance.

The 32-in (813-mm) thrie-beam transition was designed to transition between a
standard W-beam guardrail and a performance level two bridge railing. It was tested to and
meets requirements of performance level two. For testing, the transition was mounted on the
end of the 32-in (813-mm) concrete parapet, but it should be useable on other performance
level two bridge railings if suitable attachment to the bridge railing can be made.
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Oregon Thrie-Beam Transition o

Test Number 7069-27

Vehicle: 1983 Honda Civic
Test Inertia Weight: 1,800 1b (817 kg)
Gross Static Weight: 1,970 1b (894 kg)
Impact Speed: 51.6 mi/h (83.0 km/h)
Impact Angle: 19.9deg

At 0.017 s after impact the bumper of the vehicle began to shift to the right, and at
0.029 s the front of the vehicle began to deform to the right. The vehicle began to redirect at
0.050 s after impact, and at the same time- the vehicle contacted post 1. By 0.133 s the
vehicle was traveling parallel to the transition at a speed of 44.9 mi/h (72.2 km/h), and at
0.150 s the rear of the vehicle impacted the transition at the post 2 location. At 0.176 s the
dummy’s shoulder shattered the window glass on the driver side. The Vehlcle lost contact
with the transition at 0.245 s traveling at 44.3 mi/h (71.3 km/h) and 9.1 degrees The
vehicle was in contact with the transition for 9.0 ft (2.7 m). The brakes were applied at 1.4
s after impact and subsequently stopped (32 m) from the point. of impact, restmg against
another bamer

The transition received minimal damage (figure 85). Maximum laterél permanent
deformation was 0.5 in (13 mm).

The vehicle sustained damage to the left side as shown in figure 8. Maximum crush
at the left front corner at bumper height was 8.0 in (203 mm), and the driver door was
deformed outward approximately 8.0 in (203 mm). The driver side window was broken out
and the door was jammed. Also, damage was done to the front bumper, hood, grill, left
front quarter panel, left rear quarter panel, and left front tire and rim.

The transition contained the vehicle with minimal lateral movement of the transition.
There was no intrusion of transition components into the occupant compartment. The vehicle
remained upright and relatively stable during the collision. The transition redirected the
vehicle and the effective coefficient of friction was considered good. Velocity change of the
vehicle during the collision was 7.3 mi/h (11.7 km/h). The occupant impact velocities and
the occupant ridedown accelerations were within the limits. The vehicle trajectory at loss of
contact indicated minimum intrusion into adjacent traffic lanes.

Performance of the transition in this test is judged acceptable, as indicated in figure
86 and table 37.
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Test Number 7069-28

Vehicle: 1985 Chevrolet Pickup
Test Inertia Weight: 5,400 Ib (2 452 kg)
Gross Static Weight: 5,565 b (2 527 kg)
Impact Speed: 47.7 mi/h (76.7 km/h)
Impact Angle: 19.0 deg

‘The vehicle began to redirect at 0.062 s after impact, and at 0.129 the right front tire
left the roadway. By 0.192 s the vehicle was traveling parallel to the transition at a speed of
45.5 mi/h (73.2 km/h), and at 0.205 s the rear of the vehicle impacted the transition. The

transition reached a maximum deflection of 0.9 ft at 0.271 s after impact, and the right rear
wheel lost contact with the roadway at 0.298 s. The vehicle lost contact with the transition
at 0.370 s traveling at 42.8 mi/h (68.9 km/h) and 8.9 degrees. The vehicle was in contact -
with the transition for 14.0 ft (4.3 m). The right side of the vehicle regained contact with
the roadway at 0.576 s. The brakes were applied at 1.5 s after impact and subsequently
came to rest 285 ft (87 m) down from and 98 ft (30 m) in front of the point of unpact

The transition received minimal damage (figure 87). Maximum lateral permanent
deformanon was 3.5 in (89 mm).

_ The vehicle sustained damage to the left side (figure 87). Maximum crush at the left
front corner at bumper height was 8.0 in (203 mm), and the driver door was deformed
outward approximately 1.0 in (25 mm). The frame was bent and the cab was deformed.
The driver side window was broken out and the door was jammed. Also, damage was done
to the front bumper, hood, grill, left front quarter panel left rear quarter panel, rear
bumper, and left front tire and rim.

The transition contained the vehicle with minimal lateral movement of the transition.
There was no intrusion of railing components into the occupant compartment. The vehicle
remained upright and relatively stable during the collision. The transition redirected the
vehicle and the effective coefficient of friction was considered good. Velocity change of the
vehicle during the collision was 4.9 mi/h (7.9 km/h). The occupant impact velocities and the -
occupant ridedown accelerations were within the limits. The vehicle trajectory at loss of
contact indicated minimum intrusion into adjacent traffic lanes.

Performance of the transition in this test is judged acceptable, as indicated in figure
88 and table 38.
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32-in (813-mm) Thrie-Beam Transition

Test Number 7069-19

Vehicle: 1983 Honda Civic
Test Inertia Weight: 1,800 1b (817 kg)
Gross. Static Weight: 1,970 1b (894 kg)
Impact Speed: 60.5 mi/h (97.3 km/h)
Impact Angle: © =~ 19.9deg

The vehicle impacted the transition approximately 0.4 ft (0.1 m) down from post 2.
The vehicle began to redirect at 0.030 s after impact. At approximately 0.050 s the vehicle
began to deform at the A-pillar, and at 0.088 s the door glass shattered. By 0.137 s-the
vehicle was traveling parallel to the transition at a speed of 51.0 mi/h (82.1 km/h), and at the
same time the rear of the vehicle impacted the transition. The vehicle lost contact with the
transition at 0.219 s traveling at 47.7 mi/h (76.7 km/h) and 6.9 degrees. The vehicle was in
contact with the transition for 8.5 ft (2.6 m). The brakes were applied, the vehicle yawed
clockwise, and it subsequently came to rest 240 ft (73 m) down and 100 ft (30 m) in front of
the point of impact. : ’

The transition received minor damage, most of which was cosmetic in nature (figure
89). Maximum lateral deformation was 0.5 in (13 mm) at the post 2. '

The vehicle sustained damage to the left side (figure 89). Maximum crush at the left
front corner at bumper height was 11.0 in (279 mm). The strut and constant velocity joint
on the left side were damaged and the roof was bent. The left front wheel was canted
inward at the bottom and pushed back into the fender well. The left side window was
broken out by the dummy’s head. Also, damage was done to the front bumper, hood, grill,
radiator and fan, left front quarter panel, left door, left rear quarter panel, and left rear tire
and rim.

The transition contained the vehicle with minimal lateral movement of the transition.
There was no intrusion into the occupant compartment with minimal (but acceptable)
deformation of the passenger compartment. The vehicle remained upright and relatively
stable during the collision. The transition smoothly redirected the vehicle and the effective
coefficient of friction was considered fair. The lateral occupant impact velocity of 25.9 ft/s
(7.9 m/s) in this test did not meet with the AASHTO specifications. The longitudinal
occupant impact velocity and the occupant ridedown accelerations were within the limits.
The vehicle trajectory at loss of contact indicated minimum intrusion into adjacent traffic
lanes.

Performance of the transition in this test is judged acceptable, as indicated in figure
90 and table 39.
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Figure 89. Vehicle and transition for test 7069-19.
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Test Number 7069-20

Vehicle: 1981 Chevrolet Pickup

Test Inertia; 5,400 1b (2 452 kg)
Gross Static Weight: 5,570 Ib (2 529 kg)
Impact Speed: 62.7 mi/h (100.9 km/h)
Impact Angle:  19.0 deg

The vehicle impacted the transition approximately 7 ft (2.1 m) upstream from the end
of the concrete parapet (figure 91). The vehicle began to redirect at 0.022 s after impact.
At approximately 0.103 s the left door began to come open, and at 0.135s the front edge of
the door began to peel away from the hinges. By 0.204 s the vehicle was traveling parallel
to the transition at a speed of 46.8 mi/h (75.3 kmv/h), and at the same time the rear of the
vehicle impacted the transition. Maximum lateral deflection of 0.9 ft (0.3 m) occurred at
0.231 s. The vehicle lost contact with the transition at 0.308 s traveling at 41.9 mi/h (67.4
km/h) and 9.0 degrees. The vehicle was in contact with the transition for 8.5 ft (2.6 m).
The brakes were applied, the vehicle yawed counter-clockwise, and it subsequently came to
rest 135 ft (41 m) down from the point of impact.

The transition received moderate damage (fxgure 92) Max1mum lateral deformation
was 6.5 in (165 mm).

The vehicle sustained damage to the left side (figure 92). Maximum crush at the left
front corner at bumper height was 22.0 in (559 mm). The sway bar and upper and lower
control arm on the left side were damaged and the roof was bent. The left front wheel was
canted inward at the bottom and pushed back into the fender well. The left side window was
broken out. The door was separated from the vehicle and remained affixed to the transition
at the terminal connector. Also, damage was done to the front bumper, hood, grill, radiator
and fan, left front quarter panel, left rear quarter panel, and left rear tire and rim.

The transition contained the vehicle with minimal lateral movement of the transition.
There was no intrusion of railing components into the occupant compartment; however, the
door was detached from the vehicle and remained lodged on the railing. The vehicle
remained upright and relatively stable during the collision. The transition redirected the
vehicle but the effective coefficient of friction was quite high. Velocity change of the vehicle
during the collision was 20.8 mi/h. The occupant impact velocities and the occupant
ridedown accelerations were within the limits. The vehicle trajectory at loss of contact
indicated minimum intrusion into adjacent traffic lanes.

Performance of the transition in this test is judged unacceptable, as indicated in figure
93 and table 40. '
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Figure 91. Vehicle and transition before test 7069-20.
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Figure 92. Vehicle and transition after test 7069-20.
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Test Number 7069-21

Vehicle: 1984 Chevrolet Pickup
Test Inertia Weight: 5,400 1b (2 452 kg)
Gross Static Weight: 5,565 1b (2 527 kg)
Impact Speed: 61.4 mi/h (98.8 km/h)
Impact Angle: 18.3 deg

[NOTE: For tests 7069-21 and 29, the modified terminal connector was used. ]

The vehicle impacted the transition 25 in (635 mm) upstream of post 2 (figure 94).
The vehicle began to redirect at 0.026 s after impact, and at 0.042 s the vehicle contacted
post 1. Maximum lateral deflection of 0.8 ft (0.3 m) occurred at 0.060 s. At approximately
0.070 s the vehicle impacted the end of the concrete parapet. The left front wheel snagged
on the end of the parapet at 0.099 s causing a severe steering input to the vehicle and the
passenger side of the vehicle became airborne. At approximately 0.110 s the windshield
shattered, and at 0.140 s the door glass on the driver’s side was broken by the dummy’s
head. By 0.178 s the vehicle was traveling parallel to the transition at a speed of 50.3 mi/h
(80.9 km/h), and at 0.188 s the rear of the vehicle impacted the transition. At 0.210 s the
dummy’s head was at its maximum distance outside the vehicle (approximately 16 in (406
mm). The tailgate of the vehicle came loose at 0.267 s and, as the vehicle continued
forward, the tailgate came off and traveled with the vehicle. The vehicle lost contact with
the transition at 0.314 s traveling at 50.0 mi/h (80.5 km/h) and 8.2 degrees. The vehicle
was in contact with the transition for 14.0 ft (4.2 m). The dummy’s head impacted against
the outside of the door of the vehicle as it was re-entering the vehicle at 0.440 s. The brakes
were applied as the vehicle left the installation and subsequently came to rest 195 ft (41 m)
from the point of impact. ‘

The transition received moderate damage (figure 95). Maximum lateral permanent
deformation was 5.0 in (127 mm).

The vehicle sustained damage to the left side (figure 95). Maximum crush at the left
front corner at bumper height was 15.0 in (381 mm) and the right front corner was deformed
outward approximately 4.75 in (121 mm). The sway bar and A-arms on the left side and gas
tank were damaged, and the drive shaft, frame, and roof were bent. The floor pan was
pushed into the occupant compartment approximately 5 to 7 in (130 to 180 mm) and the dash
moved inward approximately 3 in (80 mm). The left front wheel was canted inward at the
bottom and pushed back into the fender well reducing the wheelbase on the driver side by
14.0 in (356 mm). The driver side window was broken out and the door was jammed.

Also, damage was done to the front bumper, hood, grill, radiator and fan, left front quarter
panel, left rear quarter panel, and left rear tire and rim. The tailgate came off the vehicle
during the test.

The transition contained the vehicle with minimal lateral movement of the transition.
There was no intrusion of railing components into the occupant compartment; however, the
floor pan was deformed into the vehicle approximately 5 to 7 in (130 to 180 mm) and the
instrument panel was pushed inward approximately 3-in (80 mm). The vehicle remained
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Figure 94, Vehicle and transition before test 7069-21.
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Figure 95. Vehicle and transition

196

after test 7069-21.



upright and relatively stable during the collision. The transition redirected the vehicle but the
effective coefficient of friction was quite high. Velocity change of the vehicle during the
collision was 11.1 mi/h (17.9 km/h). The occupant impact velocities and the occupant
ridedown accelerations were within the limits. The vehicle trajectory at loss of contact
indicated minimum intrusion into adjacent traffic lanes. '

Performance of the transition in this test is judged marginally acceptable, as indicated
in figure 96 and table 41. : '
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Test Number 7069-29

Vehicle: 1981 Ford Single-Unit Truck
Test Inertia Weight: 18,000 Ib (8 172 kg)

Empty Weight: 10,790 1b (4 899 kg)

Impact Speed: 51.6 mi/h (83.0 km/h)
Impact Angle: 14.6 deg

The vehicle impacted the transition 11 ft (3.4 m) upstream from the end of the
concrete parapet. At 0.071 s after impact the front wheels received a steer input to the left,
and the vehicle began to redirect at 0.118 s after impact. At 0.155 s the vehicle contacted
the end of the concrete parapet, and at 0.226 s a severe steer input to the vehicle occurred.
By 0.262 s the vehicle was traveling parallel to the transition at a speed of 48.9 mi/h (78.7
km/h), and at 0.341 s the rear of the vehicle impacted the transition. The vehicle lost
contact with the terminal connector at 0.585 s; however, the van-box remained in contact
with the top of the concrete parapet until 1.718 s after impact. Total length of contact with
the transition was 18.5 ft (5.6 m) As the vehicle continued forward, it began to yaw
clockwise and roll counterclockwise. The brakes were applied at 2.5 s after impact and the
vehicle subsequently came to rest on its left side 165 ft (50 m) down and 45 ft (14 m) in
front of the point of impact.

The transition received moderate damage (figure 97). Maximum lateral permanent
deformation to the transition was 10.0 in (254 mm). The end of the concrete parapet where
the terminal connector attached was cracked.

The vehicle sustained damage to the left side. Maximum crush at the left front corner
at bumper height was 13.0 in (330 mm). The floor pan was pushed inward and the cab was
bent and twisted. The windshield and rear glass were broken. The frame at the rear axle
was bent and the van-box was twisted and torn. The driver side window was broken out and
the door was jammed. Also, damage was done to the front bumper, hood, left front quarter
panel, and outer left rear tire and rim. The right door was also jammed.

The transition contained the vehicle with minimal lateral movement of the transition.
There was no intrusion of railing components into the occupant compartment; however, the
floor pan was slightly deformed into the vehicle. The vehicle remained upright and
relatively stable during the collision; however, after exiting the test installation the vehicle
rolled onto its left side 45 ft (14 m) forward of the transition. The transition redirected the
vehicle with the effective coefficient of friction rated as good. The vehicle trajectory at loss
of contact indicated some intrusion into adjacent traffic lanes.

Performance of the transition in this test is judged acceptable, as indicated in figure
98 and table 42.

200



Figure 97. Vehicle and transition for test 7069-29.
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CHAPTER 7. SUMMARY OF STATIC LOAD TESTS OF
THRIE- AND W-BEAM TERMINAL CONNECTORS

In some railing/transition designs, more than two thicknesses of thrie- or W-beam are
lapped together. One common situation where this occurs is where a double thickness of rail
element is bolted to a terminal connector. The three thicknesses of material cannot be bolted
together if conventional hole patterns are used. A proposed remedy for this problem is to
provide slotted holes in the terminal connector with the holes slanted at about 45 degrees to
the longitudinal axis of the connector. Such a hole pattern allows the three layers to be
bolted together, but the strength of such a terminal connector was questioned.

Static axial load tension tests were performed on several thrie- and W-beam terminal

connectors (figure 99) to determine their strengths and failure modes. The results are
summarized in table 43 and additional details are presented in appendix M.
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Figure 99. Terminal connector test specimens.
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Figure 99. Terminal connector test specimens. (continued)
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CHAPTER 8. SUMMARY AND CONCLUSIONS

Bridge railing designs that satisfy requirements for each of three performance levels
called for in the 1989 Guide Specifications for Bridge Railings have been designed, tested, and
evaluated.® Three railing designs for performance level one, seven railing designs for
performance level two, three railing designs for performance level three, a transition for
performance level one, and a transition for performance level two have been designed, tested,
and evaluated.

Recommended design criteria for each of the three performance levels have been set forth
and were used in analyzing the railings evaluated herein. The criteria include magnitude,
distribution, and location of collision forces in addition to geometric requirements for various
impact conditions. The recommended forces with no factor of safety (i.e., load factor = 1.0)
are used in ultimate strength analysis procedures. Railings designed by this procedure have been
found to be generally adequate and have shown little or no structural distress in full-scale crash

tests.
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CHAPTER 1. DESIGN OF RAILING

The 32-in (813-mm) F-shape was originally designed to meet performance level two
of the proposed 1987 version of the Guide Specifications for Bridge Railings.(") The required
strength test from that proposed version was 5,400-1b (2 452-kg) pickup traveling at 65 mi/h
(105 km/h) and impacting at 20 degrees. The design force used for this test condition was
56 kips (249 kN) of line load uniformly distributed over 42 in (1.07 m) at 24 in (610 mm)
above the deck surface. The railing was eventually tested to performance level two
requirements of the 1989 Guide Specifications for Bridge Railings which requires strength
test conditions of 18,000 Ib (8 172 kg)|50 mi/h (80.5 km/h)|15 degrees).””) The design
force for this condition is 56 kips (249 kN) of line load uniformly distributed over 42 in
(1.07 m) at 29 in (737 mm) above the deck surface.

A cross section of the railing design is shown in figure 1. Total height of the F-
shape is 32 in (813 mm). It has a lower 3-in (76-mm) high vertical section, a middle 7-in
(177-mm) high inclined surface of 55 degrees, and an upper 22-in (559-mm) high inclined
surface of 84 degrees. It has a bottom width of 14.7 in (373 mm) and a top width of 7.5 in
(191 mm). The slope at the bottom of the rail serves to limit the damage done to vehicles
impacting at low angles by causing the front tire to ride up on the rail and redirect itself back
to the pavement. A thickened portion at the top of the rail serves to increase the longitudinal
distribution of force within the F-shape and allow more length of F-shape and deck to resist
the collision force.

Eight #4 longitudinal bars were used in the F-shape. The vertical steel was #5 rebars
at 8-in (200-mm) spacing. Specified concrete strength was 3,600 psi (34 800 kPa) at 28 days
and specified steel yield was 40,000 psi (275 600 kPa). The cantilevered deck was supported
on a foundation so that the deck overhang was 39 in (990 mm).

The strength of the railing was computed using yieldline analysis procedures.® The
strength computations are presented on the following pages. The analysis predicts the length
of the failure mechanism to be 8.3 ft (2.5 m) and the total ultimate load capacity to be 59
kips (262 kN). The analysis also shows that the yield lines are confined to the F-shape
rather than extending into the bridge deck.
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CHAPTER 2. CRASH TEST PROCEDURES

The 32-in (813-mm) F-shape bridge railing was tested to performance level two
requirements.!) The following nominal test conditions were used:

1,800-Ib (817-kg) passenger car|60 mi/h (96.6 km/h) |20 degrees (test 7069-3)
5,400-Ib (2 452-kg) pickup |65 mi/h (104.7 km/h)| 20 degrees (test 7069-4)
18,000-1b (8 172-kg) single-unit truck |50 mi/h (80.5 km/h) |15 degrees (tests 7069-8, 9, 11)

Each vehicle was instrumented with three solid-state angular rate transducers to
measure yaw, pitch, and roll rates and a triaxial accelerometer mounted near the center-of-
gravity. In addition, the pickup and 18,000-1b (8 172-kg) trucks were instrumented with two
biaxial accelerometers: one mounted forward of the center-of-gravity and one mounted in
the rear of the vehicle. The accelerometers were strain gauge type with a linear millivolt
_ output proportional to acceleration. The electronic signals from the accelerometers and
transducers were transmitted to a base station by means of constant bandwidth FM/FM
telemetry link for recording on magnetic tape and for display on a real-time strip chart.
Provision was made for transmission of calibration signals before and after each test, and an
accurate time reference signal was simultaneously recorded with the data. '

Pressure sensitive contact switches on the bumper of each vehicle were actuated just
prior to impact by wooden dowels to indicate elapsed time over a known distance and
provide a measurement of impact velocity. Each initial contact also produced an "event"
mark on the data record to establish the instant of impact. Data from the electronic
transducers were digitized using a microcomputer for analysis and evaluation of performance.

- The multiplex of data channels transmitted on one radio frequency was received at a
data acquisition station and demultiplexed into separate tracks of Intermediate Range
Instrumentation Group (I.R.1.G.) tape recorders. After the test, the data were played back
from the tape machines, filtered with an SAE J211 filter, and digitized using a
microcomputer for analysis and evaluation of performance.

Alderson Research Laboratories Hybrid II, 50th percentile anthropomorphic dummies
were used in the passenger car and the pickup. One uninstrumented dummy was placed in
the driver position-of the automobile and two uninstrumented dummies were placed in the
pickup truck--one in the driver seat and one in the passenger seat. No dummies were placed
in the single-unit truck. Each dummy was restrained with standard restraint equipment seat
belts. No dummies were carried in the single-unit trucks.

The digitized data obtained from the electronic tfansducers were then processed using
two computer programs: DIGITIZE and PLOTANGLE. Brief descrlptlons on the functions
of these two computer programs are as follows.

The DIGITIZE program uses digitized data from vehicle-mounted linear
accelerometers to compute occupant/compartment impact velocities, time of
occupant/compartment impact after vehicle impact, highest 0.010-s averages of vehicle



acceleration after occupant/compartment impacts, and time of highest 0.010-s averages. The
DIGITIZE program also calculates a vehicle impact velocity and the change in vehicle
velocity at the end of a given impulse period. In addition, maximum average accelerations
over a 0.050-s intervals in each of three directions are computed. Acceleration versus time
curves for the longitudinal, lateral, and vertical directions are then plotted from the digitized
data of the vehicle-mounted linear accelerometers using a commercially available software
package (QUATTRO PRO). For each of these graphs, a 0.050-s average window was
calculated at the center of each 0.050-s interval and then plotted with the first 0.050-s
average plotted at 0.026 s.

The PLOTANGLE program uses the digitized data from yaw, pitch, and roll rate
charts to compute angular displacements in degrees at 0.001-s intervals and then instructs a
plotter to draw a reproducible plot of yaw, pitch, and roll versus time. It should be noted
that these angular displacements are sequence dependent with the sequence yaw, pitch, and
roll for the data presented herein. These displacements are in reference to the vehicle-fixed
coordinate system with the initial position and orientation of the vehicle-fixed coordinate
system being that which existed at initial impact.

Photographic coverage of the tests included three high-speed cameras: one over head
with a field of view perpendicular to the ground and directly over the impact point, one
placed to have a field of view parallel to and aligned with the railing system at the
downstream end, and a third placed perpendicular to the front of the railing system. In the
passenger car and pickup tests, a high-speed camera was placed onboard the vehicle to
record the actions of the dummy(ies) during the test. A flash bulb activated by pressure
sensitive tape switches was positioned on the impacting vehicle to indicate the instant of
contact with the railing system and was visible from each camera. The films from these
high-speed cameras were analyzed on a computer-linked motion analyzer to observe
phenomena occurring during the collision and to obtain time-event, displacement, and
angular data. A 16-mm movie cine, a professional video camera, and a 3/4-in (19 mm)
video recorder along with 35-mm cameras were used for documentary purposes and to record
conditions of the test vehicle and railing system before and after the test.

The passenger car and pickup were towed into the test installation using a steel cable
guidance and reverse two system. A steel cable for guiding the test vehicle was stretched
along the path, anchored at each end, and threaded through an attachment to the front wheel
of the test vehicle, passed around a pulley near the impact point, through a pulley on the tow
vehicle, and then anchored to the ground such that the tow vehicle moved away from the test
site. A 2-to-1 speed ratio between the test and tow vehicle existed with this system.
Immediately prior to impact with the railing system, the test vehicle was released to be free-
wheeling and unrestrained. The vehicle remained free-wheeling, i.e., no steering or braking
inputs, until the vehicle cleared the immediate area of the test site. At this time brakes on
the vehicle were activated to bring the vehicle to a safe and controlled stop.

The 18,000-Ib (8 172-kg) trucks were guided into the test installation using a remote

controlled guidance system. Due to mechanical and instrumentation failures during the first
two tests with the 18,000-Ib (8 172-kg) truck, the nominal test speed of 50 mi/h (80.5 km/h)
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was not attained, requiring a total of three tests to be performed tb acquire the required
speed.






CHAPTER 3. FULL-SCALE CRASH TESTS
TEST 7069-3
Test Description

The 1980 Honda (see figure 2) was directed into the 32-in (813-mm) F-shape bridge
railing (figure 3) using a cable reverse tow and guidance system. Test inertia mass of the
vehicle was 1,800 Ib (817 kg) and its gross static mass was 1,966 Ib (893 kg). The height to
the lower edge of the vehicle bumper was 14.0 in (356 mm) and it was 19.5 in (495 mm) to
the top of the bumper. Other dimensions and information on the test vehicle are given in
figure 4. The vehicle was free-wheeling and unrestrained just prior to impact.

The speed of the vehicle at impact was 60.1 mi/h (96.7 km/h) and the angle of
impact was 21.4 degrees. The vehicle impacted the bridge railing at midlength. At
approximately 0.025 s after impact the right front tire began to ride up the concrete face of
the bridge railing, and by 0.034 s the vehicle began to redirect. As the vehicle continued
forward, the right side of the vehicle continued to ride up the face of the bridge railing, and
- at 0.186 s the left front wheel left the ground. The rear of the vehicle hit the railing at
0.189 s, and at 0.271 s the vehicle was parallel with the railing. The vehicle lost contact
with the railing at 0.276 s after impact. As the vehicle exited the railing, it had a yaw angle
of 0.9 degree and a trajectory path of 6.2 degrees. The vehicle brakes were applied and the
vehicle subsequently came to rest 209 ft (64 m) downstream and 27 ft (8 m) behind the point
of impact.

As can be seen in figure 5, the bridge railing received cosmetic damage ohly. There
were tire marks on the face of the bridge railing indicating the vehicle rose a maximum
height of about 27 in (686 mm). The vehicle was in contact with the bridge railing for 10.3
ft (3.1 m).

The vehicle sustained extensive damage to the right front as shown in figure 6.
Maximum crush at the right front corner at bumper height was 9.0 in (229 mm). The right
front and right rear wheel rims were bent and the wheel assembly and suspension damaged.
The passenger door was bent and jammed and the right side was dented and scraped. The
hood was bent and shifted to the left. The windshield frame was bent and the windshield
~ was cracked. The roof of the vehicle was buckled and twisted.

Test Results

Impact speed was 60.1 mi/h (96.7 km/h) and the angle of impact was 21.4 degrees.
‘The exit speed at time of contact (0.276 s) was 53.0 mi/h (85.3 km/h) and the vehicle
trajectory path was 6.2 degrees with a vehicle yaw angle of 0.9 degree. The effective
- coefficient of friction was calculated to be 0.33. Occupant impact velocity was 19.0 ft/s (5.8
m/s) in the longitudinal direction and 23.7 ft/s (7.2 m/s) in the lateral direction. The highest
0.010-s occupant ridedown accelerations were -2.1 g (longitudinal) and 4.9 g (lateral).
These data and other pertinent information from the test are summarized in figure 7.
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Sequential photographs of the test are shown in figures 8 and 9. Vehicular angular displace-
ments are displayed in figure 10. Vehicular acceleration versus time traces filtered with SAE
J211 filters are presented in figures 11, 12, and 13. These data were further analyzed to
obtain 0.050-s average accelerations versus time. A 0.050-s interval immediately prior to
impact was averaged to establish zero acceleration. The data were then processed with a
moving 0.050-s average window with the first 0.050-s average plotted at 0.026 s for each
trace. The maximum 0.050-s averages were -8.0 g (longitudinal) and 12.8 g (lateral).

Conclusions

The 32-in (813-mm) F-shape bridge railing contained and smoothly redirected the
vehicle with no lateral movement of the bridge railing. There were no debris or detached
elements. There was no intrusion into the occupant compartment although some deformation
of the compartment occurred. The vehicle trajectory at loss of contact indicated minimum
intrusion into adjacent traffic lanes. The vehicle remained upright and stable during the
entire test period. See table 1 for a more detailed description. ‘
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Figure 2. Vehicle before test 7069-3. .



-Figure 3. 32-in (813-mm) F-shape bridge railing before test 7069-3.
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Date: /-27-87 Test No.: _7069-3 VIN: _SL-C1004546
Make: Honda Model: __1300DX Year: __ 1980 Odometer: 99620

Tire Size: _P155/80R12 P1y Rating: 1 Bias Ply: __ Belted: ___ Radial: _X

Accelerometers Tire Condition: good __

' ] __ fairX

badly worn ___

T

a

l

<__;£__+J
Tire dia B r:> Accelerometers
Wheel dia
n->
A
J A < O L{ Ja n//:\ e ¥ 1
vy o) \'f' K—r))\/ :!k VQ
«h -
2>l c >y
5 i f My
4-wheel weight
for c.a. det. £f_ 550 rf_550 &r 353 rr - 347
- Mass - pounds Curb Test Inertial  Gross Static
My | 1100 612
M, , 700 568
M 1800 1966

Note any damage to vehicle prior to test:

= overall height of vehicle

*d
*g = measured from identical vehicle (7069-1)

1in = 25.4 mm
11b = 0.454 kg

Figure 4. Vehicle properties for test 7069-3.
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Vehicle Geometry - inches

a 601/2 b_29 1/2
¢ 88 4% 52 1/2
e 28 1/6 ¢ 146
g% 199  h_34.2

§ e 3 29172
k15 2 27

m 191/2 o 3

o _14 P _53 3/4
. 221/4 5 13 1/4

Engine Type:

Engine CID:

Transmission Type:
Automatic or Manual
FWD or RWD or 4WD

Body Type:

Steering Column Collapse
Mechanism:

__Behind wheel units
__Convoluted tube
__Cylindrical mesh units
__Embedded ball

__NOT collapsible
__Other energy absorption

__Unknown
Brakes:
Front: disc___ drum___

Rear: disc drum



Figure 5. 32-in (813-mm) F-shape bridge railing after test 7069-13.
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Figure 6. Vehicle after test 7069-3.
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Table 2..Bridge railing performance levels and crash test criteria
(Guide Specifications for Bridge Railings, proposed).(l)

TEST SPEEDS -- mph 1+2
TEST VEHICLE DESCRIPTIONS AND IMPACT ANGLES
Small Pickup Intercity Bus Van-Type P
PERFORMANCE LEVELS Automobile Truck {1oose ballast) Tract:;-:T;aﬂer
W = 1.8 Kips W = 5.4 Kips N = 40.0 kips | ¥ = BO.O Kigs
A =54 A =89 A =23.2° A = 13.1
B = 5.5 B =6.5 g8 =8.0° B = 8.0
Heg = 19" Heg = 33" Hog = 56" Heg = 72"
8 = 20 deg. 8 = 20 deg. @ = 15 deg. R = 0.58
8 = 15 deg
T PL-1 : 50 45
. PL-2 60 65
PL-3 60 | 65 60 -
PL-4 60 65 , 55
Required a,b,c.d.g a.b.c.d a,b,c,d 8,b,c
CRASH TEST 3
EVALUATION CRITERIA Desirabled e..h e f.9.h et de.th

Notes:

1.

Exceot as noted, a1) full-scale tests 3hall be conducted and reported in accordance with the requirements
fn NCHRP Report No. 230. In addition, the maximum loads that can be transmitted from the bridge railing to
the bridge deck are tn be determined fror static force measurements or ultimate strength analysis and reported.

Permissible tolerances on the test speeds and angles are as follows:

Speed -1.0 mph  +2.5 moh
Angle -1.0 dea. +2.5 deg.

Tests that indicate acceptable rafling performance tut that exceed the allowable vpper tolervanses will be
accepted. i .

Criteria for evaluating bridge railing crash test resuits are 2s foliows:

a. The test article shall contain the vehicle; neither the vehicie nor its carpo shall penetvete or 9o over
the {nstallation. Controlled lateral deflection of the test article is acceptable.

b. Detached elements, fragments, or other debris from the test article shall not penetrate or show potentiz)
for penetrating the passenger compartment or present undue hazard to other traffic.

t. ~Integrity of the passenger compartment must be maintained with no fntrusion and essentially no deformation.

4. The vehicle shall remain upright during and after collision.
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Table 2. Bridge railing performance levels and crash test criteria, -
(Guide Specifications for Bridge Railings, proposed continued).(l)

Hotes f{cont.):-

e.

f.

h'

The test article shall smoathly redirect the vehicle. A redirection is deemed smooth {f the rear of the
vehicle or, in the case of a combination vehicle, the rear of the tractor or trailer does not yaw more than
§ degress awey from the railing from time of tmpact until the vehicle separates from the refling.

The smoothness of the vehicle-railing interaction is further assessed by the effective coefficient of
friction pu: :

L _ Assessment
0 - 0.25 Good
0.26 - 0.35 Fair
>0.35 Marginal

where p = (cos® - Vp/v)/s'lns

The {mpact velocity of a hypothetical front-seat passenger against the vehicle interior, caiculated from
vehicle accelerations and 2.0-ft. longitudinal and 1.0-ft. lateral displacements, shall be less than:

Occupant Impact Ye‘locit¥ - fps
ongitudinal atera
30 25
and the vehicle highest 10-ms average accelerations subsequent to the instant of hypothetical passenger

{mpact should be less than:
Occupant Ridedown Accelerations - g's
Longitudinal Tateral
15 15

Vehicle exit angle from the barrier shall not be more than 12 degrees. Within 100 ft. after losing contact
with the railing, the vehicle shall move no more than 20 ft. plus the vehicle width from the 1ine of -the
traffic face of the railing. The brakes shall not be applied until the vehicle has traveled at least 100
ft. from the point of initial impact. :

4. Values A and R are estimated values describing the test vehicle and fts loading. Values of A and R are
described in the figure below and calculated as follows:

A | “.L‘QVZL24H3(L20L3)
: o Wy e Wy el
RW :
l_l_-_ U‘ + "2 + "3
—7 Q0 B
“’,1 wz"t’ls ‘!'f‘ \t’, A R R R
) = totsl vehicle weight.

5. Test.articles that do not meet the desirable evaluation criterfa shall have their performance evaluated
by a designated authority that will decide whether the test article {s likely to meet {ts intended use
requirements. . )

1kip = 4.45 kN
1 mi/h = 1.609 km/h
1ft=0305m

17




0.151 s

Figure 8. Sequential photographs for test 7069-3.
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0.372 s

Figure 8. Sequential photographs for test 7069-3 (continued).
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0.149 s

Figure 9.

i

o
i

0.367 s

Interior sequential photographs for test 7069-3.
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TEST 7069-4
Test Description

The 1981 Chevrolet pickup (figures 14 and 15) was directed into the bridge railing
(figure 16) using a cable reverse tow and guidance system. Test inertia mass of the vehicle
was 5,440 Ib (2 470 kg) and its gross static mass was 5,780 Ib (2 624 kg). The height to the
lower edge of the vehicle bumper was 17.0 in (432 mm) and it was 26.25 in (667 mm) to the
top of the bumper. Other dimensions and information on the test vehicle are given in figure
17. The vehicle was free-wheeling and unrestrained just prior to impact.

The speed of the vehicle at impact was 65.4 mi/h (105.2 km/h) and the angle of
impact was 20.4 degrees. [The 1987 proposed test matrix required 65 mi/h (104.7 km/h),
but the 1989 Guide Specification requires 60 mi/h (96.6 km/h).] The vehicle impacted the
bridge railing at midlength. At approximately 0.013 s after impact the right front wheel
began to ride up the face of the bridge railing, and at 0.019 s the right front tire aired out.
The vehicle began to redirect as the rear end began to slide toward the bridge railing. The
dummies began to move abruptly to the right at 0.046 s, and at 0.106 s the passenger head
of the dummy shattered the right side window glass. At 0.139 s the left front wheel left the
ground, and at 0.141 s the rear of the vehicle slapped the bridge railing and aired out the
right rear tire. By 0.154 s the vehicle was totally airborne and remained so as it became
parallel with the railing (at 0.179 s) and exited the railing (at 0.238 s). The left front wheel
touched down at 0.287 s and the right touched down at 0.433 s. The vehicle exited the
railing with a yaw angle of 0.4 degrees and a vehicle trajectory path of 7.4 degrees. The _
brakes were applied and the vehicle subsequently came to rest 240 ft (73 m) downstream and
37 ft (11 m) behind the point of impact.

As can be seen in figure 18, the railing received cosmetic damage and some
scraping. There were tire marks on the face of the bridge railing which indicated the vehicle
rose a maximum height of 24 in (610 mm) above the ground. The vehicle was in contact
with the bridge railing for 18.0 ft (5.5 m).

The vehicle sustained extensive damage to the right side as shown in figure 19.
Maximum crush at the right front corner at bumper height was 5.0 in (127 mm). The right
front and right rear wheel rims were bent and the tires aired out. The wheel assembly and
suspension was damaged. The passenger door was bent and jammed and the window broken
out. The right rear panel was dented and scraped. The hood was bent and shifted to the
left. The cab of the vehicle was twisted.

Test Resul_ts

Impact speed was 65.4 mi/h (105.2 km/h) and the angle of impact was 20.4 degrees.
The exit speed at time of contact (0.238 s) was 56.9 mi/h (91.6 km/h) and the vehicle
trajectory path was 7.3 degrees with a vehicle yaw angle of 0.4 degrees. The effective
coefficient of friction was calculated to be 0.31. Occupant impact velocity was 12.5 ft/s (3.8
m/s) in the longitudinal direction and 24.1 ft/s (7.3 m/s) in the lateral direction. The highest

25



0.010-s occupant ridedown accelerations were -1.2 g (longitudinal) and 5.9 g (lateral).

These data and other pertinent information from the test are summarized in figure 20 and
table 3. Sequential photographs are shown in figures 21 and 22. Vehicular angular displace-
ments are displayed in figure 23. Vehicular accelerations versus time traces filtered with
SAE J211 filters are presented in figures 24 through 28. These data were further analyzed to
obtain 0.050-s average accelerations versus time. A 0.050-s interval immediately prior to
impact was averaged to establish zero acceleration. The data were then processed with a
moving 0.050-s average window with the first 0.050-s average plotted at 0.026 s for each
trace. The maximum 0.050-s averages were -4.7 g (longitudinal) and 13.1 g (lateral).

"Conclusions

The 32-in (813-mm) F-shape bridge railing contained and smoothly redirected the
vehicle with minimal lateral movement of the bridge railing. There were no debris or
detached elements. There was no intrusion into the occupant compartment although some
deformation of the right door occurred. The vehicle trajectory at loss of contact indicated
minimum intrusion into adjacent traffic lanes. The vehicle remained upright and stable
during the entire test period. See table 3 for a more detailed description.
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Figure 14. Vehicle and instrumentation before test 7069-4
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Figure 15. Vehicle/bridge railing geometrics for test 7069-4.
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Figure 16. 32-in (813-mm) F-shape bridge 1Eailing before test 7069-4.
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Date: __7-30-87 Test No.: __7069-4 VIN: 1GCGC24M7BS180051

Make: Chevrolet Model: _ Scottsdale Year: 1981

Odometer: 112314

Tire Size: 9.50R16.5 Ply Rating: __ 4 Bias Ply: X Belted: ____ Radial: ___

Accelerometers

167"
«L >le ire di
Accelerometers k§> Tire dia
> len
-~ =\ A
‘d /—\\ 3
| A 4@ pk
4 — m
v 0 fk : N —fo" Y
< h -
e e c le P o
§ /4 ' \
<€ 2 f 1 o

4-wheel weight '
for c.g. det, &f 1340 rf 1350 £r 1400 rr 1350

Mass - pounds Curb Test Inertial Gross 'Static
M, 2667 2690 2890
M, 2210 2750 ‘ 2890
My 4877 5440 5780

Note any damage to vehicle prior to test:

*d = overall height of vehicle

|1in =254 mm
11b = 0.454 kg

Figure 17. Vehicle properties for test 7069-4.

30

Tire Condition: good __
fair __
badly worn __

‘Vehicle Geometry - inches
a’/01/4 b33 1/2

c 132 d*71
e50 1/4 f 215.75
g 26.1 h 66.7

i tuimind J 44 1/4
k 30 1/2 e 72 1/2
m26 1/4 n_4
017 p 65 1/2
r29 s 17

"Engine Type: V8

Engine CID: __350
Transmission Type:

Automatic or
FWD or (RWD) or 4WD
Body Type: PU-

Steering Column Collapse
Mechanism:

__Behind wheel units
__Convoluted tube
__Cylindrical mesh units
__Embedded ball

__NOT collapsible
__Other energy absorption
__Unknown

Brakes:
Front: disc_X drum
Rear: disc__ ‘drum_X



Figure 18. 32-in (813-mm) F-shape bridge railing after test 7069-4.
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Figure 19. Vehicle after test 7069-4.
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0.376 s

Figure 21. Sequential photographs for test 7069-4 (continued).
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0.313 s

S S
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Figure 22. Interior sequential photographs for test 7069-4.
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TEST 7069-8

NOTE: In test 7069-8, the engine of the test vehicle (which was remotely controlled)
stalled, causing the impact speed of the test vehicle to be lower than specified in the crash
test requirements [46.7 mi/h (75.2 km/h) vs. 50 mi/h (80.5 km/h)]. The test was repeated
(7069-9) and again the impact speed was too low [47.3 mi/h (76.2 km/h) vs. 50 mi/h (80.5
km/h)]. In a third test (7069-11), an impact speed of 52.1 mi/h (132.3 km/h) was attained.
Descriptions for all three of these tests are included in this report.

Test Description

The 1982 Ford single-unit truck (figures 29 and 30) was directed into the 32-in (813-
mm) F-shape bridge railing (figure 31) using a remote control guidance system. Empty
weight of the vehicle was 13,850 Ib (6 288 kg) and its test inertia weight was 18,050 Ib
(8 195 kg). The height to the lower edge of the vehicle bumper was 19.5 in (495 mm) and it
was 27.75 in (705 mm) to the top of the bumper. Other dimensions and information on the
test vehicle are given in figure 32. The vehicle was free-wheeling and unrestrained just prior
to impact.

The speed of the vehicle at impact was 46.7 mi/h (75.1 km/h) and the angle of
impact was 15.0 degrees. The vehicle impacted the bridge railing at midlength. At
approximately 0.021 s after impact the right front wheel began to ride up the face of the
bridge railing, and at 0.163 s the left front tire began to leave the ground. The vehicle
began to redirect at 0.184 s as the rear end began to slide toward the bridge railing. At
0.343 s the left rear wheels left the ground, and at approximately 0.448 s the rear of the
vehicle slapped the bridge railing. By approximately 0.495 s the vehicle became parallel
with the railing and was continuing to roll to the right. As the vehicle continued along the
railing the lower edge of the bed rode along the top of the railing. A maximum roll angle of
34 degrees was achieved at about 1.286 s. The vehicle slid off the end of the bridge railing
at about 1.713 s after impact. The brakes were applied and the vehicle subsequently came to
rest 186 ft (57 m) downstream.

As can be seen in figure 33, the railing received cosmetic damage and some scraping.
There were tire marks on the face of the bridge railing and along the top. The top of the
bridge railing was scraped along the remaining length from the lower edge of the bed of the
truck (see figure 34). The vehicle was in contact with the bridge railing for 60 ft (18 m).

The vehicle sustained extensive damage to the right side as shown in figure 35.
Maximum crush at the right front corner at bumper height was 6.0 in (152 mm). The right
front wheel rim was bent and the tire damaged. The spring and spring shackle were broken
‘loose from the axle. The steering gear box and steermg cylinder were damaged. Also, the
fuel tank broke loose from the truck.
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Test Results

Impact speed was 46.7 mi/h (75.1 km/h) and the angle of impact was 15.0 degrees.
The exit speed was not attainable. The effective coefficient of friction was calculated to be
0.76. The occupant impact velocity was 11.9 ft/s (3.6 m/s) in the longitudinal direction and
9.2 ft/s (2.8 m/s) in the lateral direction. The highest 0.010-s occupant ridedown
accelerations were -3.8 g (longitudinal) and 6.1 g (lateral). These data and other pertinent
information from the test are summarized in figure 36 and table 4. Sequential photographs
are shown in figures 37 and 38. Vehicular angular displacements are displayed in figure 39.

Vehicular accelerations versus time traces filtered with SAE J211 filters are presented
in figures 40 through 44. These data were further analyzed to obtain 0.050-s average
accelerations versus time. A 0.050-s interval immediately prior to impact was averaged to
establish zero acceleration. The data were then processed with a moving 0.050-s average
window with the first 0.050-s average plotted at 0.026-s for each trace. .The maximum
0.050-s averages were -2.2 g (longitudinal) and 3.4 g (lateral).

Conclusions

The 32-in (813-mm) F-shape bridge railing contained and smoothly redirected the
vehicle with no lateral movement of the bridge railing. There were no debris or detached
elements. There was no intrusion into the occupant compartment. The vehicle trajectory at
loss of contact indicated minimum intrusion into adjacent traffic lanes. The vehicle remained
upright and marginally stable during the entire test period. See table 4 for a more detailed
description.
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Figure 29. Vehicle before test 7069-8.
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Figure 30. Vehicle/bridge railing geometrics for test 7069-8.
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Figure 31. 32-in (813-mm) F-shape bridge railing before test 7069-8.
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Figure 33. 32-in (813-mm) F-shape bridge railing after test 7069-8.
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Figure 34. Damage to top of bridge railing caused by lower edge of bed of vehicle. |
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Figure 35. Vehicle after test 7069-8.
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Table 2. Bridge railing performance levels and crash test criteria.
(Exerpt from 1989 AASHTO Guide Specifications for Bridge Railings)®

TEST SPEEDS—mph'?
TEST VEHICLE DESCRIPTIONS AND IMPACT ANGLES

Medium
Small Pickup Single-Unit Van-Type
Automobile Truck Truck Tractor-Trailer*
W = 1.8 Kips W=54Kips W = 18.0 Kips W = 50.0 Kips
PERFORMANCE LEVELS | _ 540017 A=85=01 A=128=02 A=125=0.5
B=5.5 B=6.5 " B=17.5' B=8.0
H,=20"%1"  Hg=27"x1" H,=49"*1" H, = See Note 4
0 =20 deg. 6 =20 deg. 6 = 15 deg. R=0.61x0.01
6=15 deg.
PL-1 50 45
PL-2 60 60 50
PL-3 60 60 50
CRASH TEST . , :
EVALUATION Required a,b,c c?, g - a,b,cd a,b,c a,b,c
CRI»'»I'ER_IA3 Desirable® e, f,h e,f,g, h d,e, f, h d,e, f,h
Notes: |

1. Except as noted, all full-scale tests shall be conducted and reported in accordance with the requirements in
NCHRP Report No. 230. In addition, the maximum loads that can be transmitted from the bridge railing
to the bridge deck are to be determined from static force measurements or ultimate strength analysis and
reported. :
2. Permissible tolerances on the test speeds and angles are as follows:

Speed —1.0mph +2.5 mph
Angle —1.0deg. +2.5deg.

Tests that indicate acceptable railing performance but that exceed the allowable upper tolerances will be
accepted. ‘
3. Criteria for evaluating bridge railing crash test results are as follows:
a: The test article shall contain the vehicle; neither the vehicle nor its cargo shall penetrate or go over the
installation. Controlled lateral deflection of the test article is acceptable. ' ,
'b. Detached elements, fragments, or other debris from the test article shall not penetrate or show potential
for penetrating the passenger compartment or present undue hazard to other traffic. '
c. Integrity of the passenger compartment must be maintained with no intrusion and essentially no defor-
mation.
d. The vehicle shall remain upright during and after collision.
e. The test article shall smoothly redirect the vehicle. A redirection is deemed smooth if the rear of the
vehicle or, in the case of a combination vehicle, the rear of the tractor or trailer does not yaw more than
5 degrees away from the railing from time of impact until the vehicle separates from the railing.
f.. The smoothness of the vehicle-railing interaction is further assessed by the effective coefficient of friction,
K- p Assessment
-0-0.25 Good
0.26-0.35 - Fair
>0.35 Marginal

where p. = (cos® — V,/V)/sinf -

(83}
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Table 5. Bridge railing performance levels and crash test criteria.
(Exerpt from 1989 AASHTO Guide Specifications for Bridge Railings)®
(continued)

g- The impact velocity of a hypothetical front-seat passenger against the vehicle interior, calculated from
vehicle accelerations and 2.0-ft. longitudinal and 1.0-ft. lateral diplacements, shall be less than:

Occupant Impact Velocity-fps
Longitudinal Lateral
30 25

and the vehicle highest 10-ms average accelerations subsequent to the instant of hypothetical passenger
impact should be less than:

Occupant Ridedown Acceleration—g’s
Longitudinal Lateral
15 15
h. Vehicle exit angle from the barrier shall not be more than 12 degrees. Within 100 ft. plus the length of
- the test vehicle from the point of initial impact with the railing, the railing side of the vehicle shall move

no more than 20-ft. from the line of the traffic face of the railing. The brakes shall not be applied until
the vehicle has traveled at least 100-ft. plus the length of the test vehicle from the point of initial impact.

4. Values A and R are estimated values describing the test vehicle and its loading. Values of A and R are
described in the figure below and calculated as follows:

le <o , ‘ . - W,L, + Wi(L, + L;)
bl 45.0 . F—3 —RE 2 3
— A ——T Min. Load =20.5 Kips A ‘Ll + W, W, + W,
: R-W L, =30"%1" ’
D : . I'Q._ ’ J " ‘_W1+WZ+W3
- A o o5t - I¢+—2-—169' *+4 R—T
i 1 :E [ Y v W=W1+W2+W3+W4+WS
t LK LR, ~ = total vehicle weight.
wl ) WZ W3 W4 Ws
4.5" Approx. (Rear most setting.)

L L L — H, (Load) = 92" Approx.
' H,, (Trailer & Load) =79"+ 1"
— Hg (Tractor, Trailer, & Load) = 64"+ 2"

5. Test articles that do not meet the desirable evaluation criteria shall have their performance evaluated by a
designated authority that will decide whether the test article is likely to meet its intended use requirements.

‘1mi = 1.61 km
1kip = 4.45kN |
‘1in = 25.4 mm
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Figure 37.  Sequential photographs for test 7069-8.
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Figure 38. Perpendicular sequential photographs for test 7069-8.
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TEST 7069-9
Test Description

The 1982 Ford single-unit truck (figures 45 and 46) was directed into the bridge
railing (figure 47) using a remote controlled guidance system. Empty weight of the vehicle
was 13,850 1b (6 288 kg) and its test inertia weight was 18,050 1b (8 195 kg). The height to
the lower edge of the vehicle bumper was 19.25 in (489 mm) and it was 28.00 in (711 mm)
to the top of the bumper. Other dimensions and information on the test vehicle are given in
figure 48. The vehicle was free-wheeling and unrestrained just prior to impact.

The speed of the vehicle at impact was 47.3 mi/h (76.1 km/h) and the angle of
impact was 15.3 degrees. The vehicle impacted the bridge railing at midlength. At
approximately 0.017 s after impact the right front wheel began to ride up the face of the
bridge railing, and at 0.153 s the left front tire began to leave the ground. The vehicle
began to redirect at 0.156 s as the rear end began to slide toward the bridge railing. At
0.292 s the left rear wheels left the ground, and at 0.421 s the rear of the vehicle slapped the
bridge railing. By approximately 0.523 s the vehicle became parallel with the railing and
was continuing to roll to the right. As the vehicle continued along the railing, the lower
edge of the bed rode along the top of the railing. A maximum roll angle of 25 degrees was
achieved at about 0.886 s. The vehicle slid off the end of the bridge railing at about 1.326 s
after impact. The brakes were applied and the vehicle subsequently came to rest 150 ft (46
m) downstream.

As can be seen in figure 49, the railing received cosmetic damage and some
scraping. There were tire marks on the face of the bridge railing and along the top. The top
of the bridge railing was scraped along the remauung length from the lower edge of the bed
of the truck (see figure 50). The vehicle was in contact with the bridge railing for 58 ft (18
m).

The vehicle sustained extensive damage to the right side as shown in figure 51.
Maximum crush at the right front corner at bumper height was 16.0 in (406 mm). The right
front wheel rim was bent and the tire damaged. The spring and spring shackle were broken
loose from the axle and the axle torn loose on the left side. The steering gear box and
steering cylinder were damaged. Also, the fuel tank broke loose from the truck.

Test Results

: Impact speed was 47.3 mi/h (76.1 km/h) and the angle of impact was 15.3 degrees.
‘The exit speed was 34.5 mi/h (55.5 km/h). The effective coefficient of friction was
calculated to be 0.09. Occupant impact velocity was 11.7 ft/s (3.6 m/s) in the longitudinal
direction and 9.9 ft/s (3.0 m/s) in the lateral direction. The highest 0.010-s occupant
ridedown accelerations were -2.7 g (longitudinal) and 6.8 g (lateral). These data and other
pertinent information from the test are summarized in figure 52 and table 6. Sequential
photographs are shown in figures 53 and 54. Vehicle angular displacements are displayed in
figure 55. Vehicular accelerations versus time traces filtered with SAE J211 filters are
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presented in figures 56 through 62. These data were further analyzed to obtain 0.050-s
average accelerations versus time. A 0.050-s interval immediately prior to impact was
averaged to establish zero acceleration. The data were then processed with a moving 0.050-s
average window with the first 0.050-s average plotted at 0.026 s. The maximum 0.050-s
averages were -2.0 g (longitudinal) and 2.9 g (lateral).

Conclusions

The 32-in (813-mm) F-shape bridge railing contained and smoothly redirected the
vehicle with no lateral movement of the bridge railing. There were no debris or detached
elements. There was no intrusion into the occupant compartment. The vehicle trajectory at
loss of contact indicated minimum intrusion into adjacent traffic lanes. The vehicle remained
upright and marginally stable during the entire test period. See table 6 for a more detailed
description. \
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Figure 45. Vehicle before test 7069-9.
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Figure 46. Vehicle/bridge railing geometrics for test 7069-9.
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Figure 47. 32-in (813-mm) F-shape bridge railing before test 7069-9.
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Figure 49. 32-in (813-mm) F-shape bridge railing after tesf 7069-9.
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Figure 50. Damage to top of bridge railing and to lower edge truck bed.
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Figure 51. Vehicle after test 7069-9.
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0.365 s

Figure 53. Sequential photographs for test 7069-9.
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0.365 s

Figure 54. Perpendicular sequential photographs for test 7069-9.
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TEST 7069-11
Test Description

The 1982 Ford 7000 single-unit truck (figures 63 and 64) was directed into the 32-in
(813-mm) F-shape bridge railing (figure 65) using a remote control guidance system. The
empty weight of the vehicle was 18,000 Ib (8 172 kg) and its test inertia weight was 18,000
Ib (8 172 kg). The height to the lower edge of the vehicle bumper was 18.75 in (476 mm)
and it was 28.75 in (730 mm) to the top of the bumper. Other dimensions and information
on the test vehicle are given in figures 66 and 67. The vehicle was free-wheeling and
unrestrained just prior to impact.

The speed of the vehicle at impact was 52.1 mi/h (83.8 km/h) and the angle of
impact was 14.8 degrees. The vehicle impacted the bridge railing at midlength. At
approximately 0.022 s after impact the right front wheel began to ride up the face of the
bridge railing, and at 0.132 s the left front tire began to leave the ground. The vehicle
began to redirect at 0.144 s as the rear end began to slide toward the bridge railing. At
0.240 s the left rear wheels left the ground, and at 0.350 s the rear of the vehicle slapped the
bridge railing. By approximately 0.524 s the vehicle became parallel with the railing and
was continuing to roll to the right. As the vehicle continued along the railing, the lower
edge of the bed rode along the top of the railing. A maximum roll angle of 31 degrees was
achieved at about 0.683 s. The vehicle slid off the end of the bridge railing at approximately
1.346 s after impact. The brakes were applied and the vehicle subsequently came to rest 231
ft (70 m) downstream.

As can be seen in figure 68, the railing received cosmetic damage and some scraping.
There were tire marks on the face of the bridge railing and along the top. The top of the
bridge railing was scraped along the remaining length from the lower edge of the bed of the
truck. The vehicle was in contact with the bridge railing for 39 ft (12 m).

The vehicle sustained extensive damage to the right side as shown in figure 69.
Maximum crush at the right front corner at bumper height was 20.0 (508 mm). The front
axle was torn loose which caused damage to the springs, shackles, U-bolts, and tie rods.

The steering arm and cylinder were damaged and the oil pan was dented. Also, the fuel tank
broke loose from the truck.

Test Results

Impact speed was 52.1 mi/h (83.8 km/h) and the angle of impact was 14.8 degrees.
The exit speed was not available. Exit angle was about O degrees. The effective coefficient
of friction was calculated to be 0.12. Occupant impact velocity was 5.7 ft/s (1.7 m/s) in the
longitudinal direction and 8.2 ft/s (2.5 m/s) in the lateral direction. The highest 0.010-s
occupant ridedown accelerations were 1.3 g (longitudinal) and 5.4 g (lateral). These data
and other pertinent information from the test are summarized in figure 70 and table 7.
Sequential photographs are shown in figures 71 and 72. Vehicular angular displacements are
displayed in figure 73. Vehicle accelerations versus time traces filtered with SAE J211
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filters are presented in figures 74 through 80. These data were further analyzed to obtain
0.050-s average accelerations versus time. The maximum 0.050-s averages were -1.4 g
(longitudinal) and 3.9 g (lateral).

Conclusions

The 32-in (813-mm) F-shape bridge railing contained and smoothly redirected the
vehicle with no lateral movement of the bridge railing. There were no debris or detached
elements. There was no intrusion into the occupant compartment. The vehicle trajectory at
loss of contact indicated minimum intrusion into adjacent traffic lanes. The vehicle remained
upright and marginally stable during the entire test period. See table 7 for a more detailed
description. _ :
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Figure 63.

Vehicle before test 7069-11.
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Figure 64. Vehicle/bridge railing geometrics for test 7069-11.
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Figure 65. 32-in (813-mm) F-shape bridge railing before test 7069-11.

92



"T1-690L 1591 10§ sonzadoxd oA '99 2y

93

w001

W §'67 = Uf |
00081 LHYI3M QvOT TVLOL 0EGET 1HYI3M ALdWI TWIOL
02001 31Xy JeaY U0 JybLaH 0199 alxy Jeay uo ybLaM
0861 31Xy uc44 uo JybLap 0269 aLXy jucd4 uo ybLay
SLHYI3W a3avol SIH9IIM AldW3
_
i BE -
S —
0/1-9-,8¢ i : Coa
B . | i “Z/T=22t
—/- — . -
s__N: [ 1 y,_.A | welTe- 81| = T |
A ~F ﬁ | Y T =
(&2 5 = D ] 1
o 1 A=) - |w
1 - = ~ ~
2Ny | e ‘ | T | =
Ny == - a— e . n . %
: A4 g ] . |&
P " R e — ~
————ar— <
a | ;_
N = -
1
v _1
S %
N
Y
> we/1-t-,00 >




"TT-690L 159} 10} suornedsoy PPWoIpyY - L9 OHEMM....H

W 4°67 = ur |

W7/€-81
94

l|2]l"17|2'.

| < . .2/1-9,82 L
> ._N._ww ) , b :NN . :N—. B 3% :NM o
»
7t-2.2 i ™ VAT B B YT
»b. >€ A _ A \ A A . A
3| L | | N
NIRER | |
=) \ T/ , YisH
e ) A T v JF)e R —
OLLN (EDD, S0 N }|=

~ Pt

‘IIIBV

Nw [-€¢

NI

\ -
L

L1-690/ 1S3l

_.A ;/\\\
we/T-€,02 —>]
$4933M0J3 | 322y IV\ , ,



Figure 68. 32-in (813-mm) bridge railing after test 7069-11.
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Figure 69. Vehicle after test 7069-11.
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0.474 s

Figure 71.  Sequential photographs for test 7069-11.
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Out of view

Qut of view

1.111 s

Figure 71. Sequential photographs for test 7069-11 (continued).

100



0.474 s

Figure 72.  Perpendicular sequential photographs for test 7069-11.
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4. STRENGTH CALCULATIONS

Analysis of strength of the railing is based on yieldline failure pattern and equations
shown in figure 72. Force from a colliding vehicle is idealized as being a uniformly
distributed line load extending over 3.5 ft (1.07 m). The load may be applied at any location
along the railing. Length of the failure pattern depends on the relative bending moment
capacities of various elements of the railing. The computed cantilever moment capacity of
parapet, M, is 10.6 ft-k/ft (47.2 m-kN/m) and the moment capacity about a vertical axis,
M,,, is 4.89 ft-k/ft (21.8 m-kN/m). The additional moment capacity of the stiffening beam
along the top of the parapet, My, is 6.8 ft-kips (9.2 m-kN). These values result in a length
of yieldline pattern of 8.3 ft (211 mm) and the strength of the parapet is 59.1 kips (263 kN)
located at the top of the parapet.
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Figure 81. Yieldline failure pattern for concrete parapet.
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