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ABSTRACT

REFERENCE: Nordlin, €. F., Stoker, J. R., Hackett, R. P.,
and Doty, R. N., '"Dynamic¢ Tests of the California Type 15
Bridge Barrier Ratl', State of California, Department of
Public Works, Dlvision of Highways, Materials and Research
Department Research Report 656496.

ABSTRACT: The results of two full scale vehicle impact
tests into the California Type 15 Bridge Barrier Rall are
reported., The Type 15 bridge rail is a semi-rigid system
consisting of two 3%-in. square structural steel tubular
rails mounted at 14 and 27-in. above the pavement on 6 WF 25
steel posts bolted to the edge of the concrete bridge deck.

Tests were conducted at Impact velocities of approximately

60 mph and approach angles of approximately 15 degrees. The
test results Indlicated that this bridge rail design will
retain and redirect a 4500 1b. passenger vehlicle impacting at
a 60 mph veloclty and an angle of 15 degrees with tolerable
deceleration rates, moderate vehicle damage; and if the
barrier post spacing is 8.0 feet or less, minimal barrier
damage.

An effective, economical and aesthetically pleasing bridge
barrier rail has been developed for use on Federal Aild
Secondary Highways and other secondary Californla State
Highways as verified by the results of this study.

KEY WORDS: Dynamic tests, bridge ralls, barriers, Impact
tests, bridge approaches.
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1. INTRODUCTION

The Callfornla Type 15 bridge barrier rail was designed by the
California Division of Highways Bridge Department to provide
an effective and economical railing for use on bridges on

. secondary roads.

The metal beam bridge ralling frequently used on secondary roads
v In the past was developed and tested In 1359' as part of a test
serjes to investigate existing and proposed bridge raill designs.
This metal beam bridge railing consisted of a single steel M-
section beam mounted 24 inches high on steel H-section posts
bolted to the outside edge of the concrete bridge deck at 6-ft.
3-in. on centers {Exhibit 1, Appendix and Figures 1 and 2 below).

N FIGURE 1 ' FIGURE 2

~ In the 1959 tests, a 55 mph/30 degree Iimpact into this bridge
railing with a 4,000 1b. passenger vehicle produced severe wheel/
post entrapment and excessive rail deflections. (See Figures 3

and 4). Although this design was not judged adequate for freeway
use, it was considered suitable for placement on Federal Aid
Secondary Highways and certain California State Highways where
only lower speed, flat, oblique angle collisions were expected,.

It proved to be an economical and effective barrler under these
conditions. However, as heavier, higher speed vehicles became
more prevalent on the secondary highways, failures began occurring
even at low oblique impact angles. These failures were attributed

ClibPDF - www .fastio.com
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to the inability of the single W-section beam to adequately
distribute the larger impact loading outside the immediate
impact area. Thus, only the posts very close to the Impact area
were being loaded and failures were ccecurring at the post-to-
deck connections In much the same manner as had been observed in
the 1952 test series.

FIGURE 3 : FIGURE &

In an effort to correct this deficiency, the single W-section
beam was replaced with two 3%-1n. square structural steel
tubular rails in 1967. This provided a post and rail system
that conformed to the requirements of the 1969 AASHO Specifica-
tions for Highway Bridges. However, these specifications
stipulate loading requirements for bridge raillings attached to
""surface mount'" posts. Thus, their adequacy as anplied to the
Type 15 bridge rail, with the posts attached to the edge of the
bridge deck, had not been evaluated as this exact system had
never been subjected to contreolled full scale vehicle impact
tests.

A .bridge rall system of this tyne was tested by the New York
State Department of Publijc Works, Bureau of Physical Research,
in 1963 and reported in 19672. Although somewhat similar over-
all appearance, the details of the New York barrier and the
Type 15 barrier varied slgnificantly, and it was felt that no
analogy could be made between the two. Therefore, in January
1970 a research proposal for the "Development and Evaluation of
-Bridge Approach Guard Ralling and Metal Tube Bridge Railing

Type 15)" was submitted to the Federal Highway Administration
and subsequently approved for inclusion In the 1969-70 Fiscal
Year work program.

ChibPDF - www.fastio.com
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fi. OBJECTIVES

The prim?ry objectives of this research project were to:

1.

vww . fastio.com

Test the ability of the Type 15 bridge barrier raill

to effectively retain and redirect a 4,500 1b. vehicle
impacting at a speed of 60 mph and an angle of 15
degrees

Determine the structural capabilities of the Type 15

‘bridge approach guardrall and its connection to the

bridge abutment wing wall.

Develop and test subsequernt design modifications to

the systems as dictated by the results of the
initial tests.
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). CONCLUSIOQONS

The fol1owing conclusions are based on an analysis of the results
of the full scale vehicle impact tests reported herein unless
otherwise noted:

1. The Initlal Type 15 bridge barrier rail design Iimpacted in
Test No. 251 will retaln and redirect a 4,500 1b. passenger
car impacting at a velocity of 60 mph and an approach angle
of 15 degrees., Barrier damage can be expected to be minor
‘and vehlcle damage moderate. However, due to the rigidity
of thls design (6-ft. 3-in. post spacing), very little
impact energy wlll be absorbed by the barrier. Thus,
vehicle deceleration rates, particularly in the lateral
direction, will be somewhat higher than desirable.

2. The modified Type 15 bridge barrier rail design impacted
In Test No. 252 will retain and redlrect a 4,500 1b., passen-
ger car Impacting at a velocity of 60 mph and an approach
angle of 15 degrees. Moderate vehicle damage and tolerable
passenger compartment deceleration rates will be experienced.
However, barrier damage, particularly at the post-to-deck
connection, will be severe, and the barrier deflection will
be such that the wheel(s) of the vehicle on the Impact slide
will be very close to the edge of the bridge deck at the
time of maximum barrier deflection. Thus, the 9-ft. 4%-1n.
post spacing used In this design must be considered
marginal.

3. A bridge rail post spacing of 8-ft. on centers should
produce both the desired flexiblility within the barrier
system and yet retaln sufficlent rigidity to effectively
contain and redirect a 4,500 1b. vehicle impacting at
60 mph and 15 degrees.

k. The Callifornia Type 15 bridge approach guardrall (BAGR)
" . with a post spacing of 8-ft. 0-in. will effectively
contain and redirect a passenger vehicle Impacting at up
to 60 mph/15 degrees. This conclusion Is based not only
on the results of the tests reported herein but also on
the results of a series of tests of the structurally similar
California Type 8 BAGR (Test No. 174)°%,

5. The assumptions used for the design of the barrier rail=-
bridge deck connection,which were verified by the results
of the tests reported herein, can be applied to the design
of the approach rail-wing wall connection, thus eliminating
the need to construct and test this appurtenance.

ClibPD www . fastio.com’
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VY. TEST CONDITIONS

Barrier Design

The Type 15 bridge barrier rail design was developed by the
California Division of Highways Bridge Department and sub-
mitted to the Materials and Research Department for testing.
The test installation, consisting of 67-ft. of Type 15 bridge
barrier rall and 52-ft, of Type 15 bridge approach guard rail
(BAGR), was constructed at the Materials and Research Depart-
ment test facility at the Lincoln, Californla, airport
(Figure 5, below).

FIGURE 5

The Type 15 design consists of two structural steel tubular
rails mounted at 14 and 27-in. above the pavement on steel

WF posts spaced at 6-ft. 3-in. on centers {(o0.c.) On the
bridge rail portion of the installation, the WF posts were
bolted to the edge of a cantilavered reinforced concrete
bridge deck (Figure 6). The BAGR WF posts were embedded in
3-ft. deep, 2-ft. diameter concrete footings. The posts

for both the bridge rail and the BAGR were 6 WF 25 structural
steel conforming to the requirements of ASTM Designation A-36.

Each bridge rail post was attached to the edge of the brfdge
deck with two 1-In. diameter by 2-ft. long high strength
threaded rods and two 5/8-in. diameter by l-ft. long high
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strength bolts cast into the concrete. The high strength
steel.rods conformed to the requlirements of ASTM Designation
A-108, grade 1144k, The high strength bolts conformed to the
‘requirements of ASTM Designation A-325.

The ralls were 3%-in. square, 10.50-1b, structural steel
tubing conforming to the requirements of ASTM Designation
A-500, grade B. The Interior sleeve type rail splice
(Figure 7, below) and the 3/4-tn. welded stud rall-to-post
connectors proven effective in a previous test series" were
agaln employed.

P

. FIGURE 6 . FIGURE 7

The bridge barrler rail was bolted to the outslide edge of a
12-in. thlick, 67-ft. long reinforced concrete bridge deck
“cantilevered 36-in. off a 24 by 30-in. by 68-ft., reinforced
concrete anchor block. A six sack mix was used for the con-
"e¢rete.  The 28-day compressive strength of the concrete was

4735 .pst.

-Thefﬁbéfg for. the bridge approach guard railing were set In
seven 2h-in. dlameter, 36-1n. deep concrete footings cast

ClibPDF - wyvw . fastio.conm
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using a 5 sack mix. The leading end of the tubular ralls
were curved down and anchored to two 18-in. diameter, 36-1in.
deep reinforced concrete footings cast using a 6 sack mix.

" This concrete conformed to the minimum average compressive
strength requirements of ASTM Designation C-94-68. The
bridge deck reinforcing, as well as the other details of
the Type 15 bridge barrier rail design, are shown on
Exhibits 2 and 3 itn the Appendix. Detalls of the Type 15
BAGR are shown on Exhibit 4 in the Appendix.

The Type 15 bridge barrier rail design, other than the
post-to-deck coennection, was designed in accordance with
the .requirements of the ''Standard Specifications for High-
way Bridges', adopted by the American Assoclation of State
Highway Officials In 1969.

B. Test Parameters

The test guidelines established by the Highway Research -
Board Committee on Guardrails and Guideposts® specify the
use of a 4000-1b.% vehicle, an impact velocity of 60 mph,
and an Impact angle of 25 degrees. For the tests reported
herein, the vehicle weighed 4550 1b. including an anthropo-
metric dummy and on-board instrumentation. Although this
weight exceeds the HRB gulidelines, it Is more representative
of the more severe conditlions currently being encountered on
California highways,

The planned impact velocity and Impact angle for these tests
was 60 mph at 15 degrees. These values were selected because
the bridge barrier rail! design tested is Intended for use on
secondary California highways with maximum bridge widths of
32-ft. 1t was determined that under these conditions 60 mph/
15° was the most probable maximum impact velocity and angle
that would occur.

C. Vehicle instrumentation

* The test vehicles used in this study were 1968 Dodge sedans
welghing approximately 4500 1bs., including an anthropometric
dummy and on-board instrumentation. These vehicles were

. retired California Highway Patrol sedans and were modified
for remote radio control as described tn Reference 6.

D. Photographic Coverage

A1l the tests were photographed with high speed (250-400
frames per second) Photosonlc cameras. These cameras were
located on tripods to the front, rear, and side of the point
of impact, and on a tower directly above the point of impact
and were manually actuated from a central control! conscle
(see Exhibit 5, Appendix).

Another Photosonic camera was located In the rear of the test
vehicle to film dummy kinematics. This camera was turned on

ClibPDF - www .fastio.com
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when a'switch, mounted on the rear bumper of the test vehicle,
was actuated by the withdrawal of a pin attached to a 50-ft.
length of nylon line anchored to the pavement behind the

vehicle.

Most of the Photosonic data film had red-orange timing pips
projected on it at a rate of 1000 per second. These pips were
counted to determine the frame rates of the cameras. Targets
were attached to the vehicle body and a target board bolted to
the roof of the vehicle to facilitate data reductlion of the
film using a Vanguard Motion Analyzer.

Documentary coverage consisted of normal speed motion picture
coverage, still photographs, and slides taken before, during,
and after each test. A scaffold mounted 70mm Hulcher camera
with a speed of 20 frames per second was also used for docu-
mentary coverage of the Impact. Five tape switches, placed
perpendicular to the vehlcle path at ten-foot Intervals
leading into the point of !mpact, were actuated by the tires
of the test vehicle and triggered a series of flashbulbs
located in view of most of the data cameras. These flashbulbs
were used for correlation between all the stationary cameras
and for the determination of the impact velocldy

Flashbulbs mounted on top of the rear fenders of the test
vehicle were used to establish the vehicle location and the
time at which the brakes were appliled. The bulbs also served
to alert the control car driver that the test car's brakes
had been applied. These flashbulbs were fired when the brake
actuating relay was closed by either radio equipment failure
or the remote operatofr.

Data Acqu1s!tion and Processing

Eight Statham accelerometers, of the unbonded strain agage

type, were used to record impact decelerations. Four were
Installed In the chest and head cavity of the anthropometric
dummy driver, and four were mounted on the test vehicle floor-
board in the passenger compartment. In addition, one seat

‘belt transducer was installed on the dummy's lap belt.

Transducer information was transmitted through a Belden #877
umbilical cable from the crash vehicle to a 14 channel Hewlett
Packard 3924 magnetlic tape system See Exhibit 6, Appendix,
for the locatlton and description of the Instrumentation. Two
pressure activated tape swlitches were installed In the test
vehicle's approach path. One was located paralle! to the
barrier such that the crash vehicle would activate It at the
instant of vehicular Impact with the barrier. The other was

positioned adjacent to one of the flashbulb activating tape

switches 20-ft. before Impact. Vehicle tire contact actl-
vated the tape switches. This caused an ‘'event marker' signal
to be recorded along wlith the accelerometer data on the tape
recorder. Concurrently, a 100 millisecond time cycle was

"recorded on the tape recorder. This data was played back

through a Visfcorder which produéed an oscillographlic trace
(1ine) on paper. Each paper record contalned an accelerometer

wiw fastio.com
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data trace, the front and rear vehicle wheel event marker
trace, and the 100 mlllisecond time cycle trace. '

For Test 25!, the tape recorder playback speed for the Visi-
corder was reduced from the recording speed by a ratfo of .8
to 1. Theoretically, this produced an "unfiltered" trace

~with a frequency response of 2160 Hertz. A '"flltered" trace

was also obtalned from the Vislcorder using the tape recorder
playback speed reduction of 8 to | and a Krohn~Hite filter
for an effective filtering of the Impact signal of 100 Hertz.

The filtered traces were easier to compare and to use for

data reduction than the unfiltered traces. They also gave a
better over-all record of the motion of the dummy and vehicle.
The high frequency spikes on the unfiltered records were
assumed to be relatively insignificant as related to the
over-all motion of the vehicle.

After Test 252 there was a malfunction of the Krohn-Hite
filter so the method of Vislicorder playback was changed. The
magnetlc tape playback speed reduction was kept at an 8 to !
ratio, but a Brush orange dot galvanometer with a frequency
response of 100 Hertz was used to obtain an "unflltered"
record of the impact signal resulting in an effective response
of 800-Hertz., A Brush brown dot galvanometer with a frequency

. response of 22 Hertz was used to obtalin an effective response
.of 176 Hertz. on the "filtered' records.

Coplies of the filtered records of Impact data for Tests 251.
and 252 are contained tn the Appendix, Plates A-1 through

~A-18. The vehicular deceleration data filtered at 176 Hertz
In Test 252 proved to be somewhat unwieldy for numerical work.

so a '"hand filtered" line was drawn {(as shown in the Appendix)
in order to eliminate high frequency spikes and to compute the
maximum deceleration values reported herein.

www . fastio.com
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V. TEST RESULTS

Introduction

The followling pages contain descriptions of the two full scale
tests conducted in this study. These descriptions are based
on analysis of high speed data film, Interpretation of decel-
eration Thstrumentation recordings, physical evidence examined
at the test site, and laboratory evaluation of damaged barrier

~and vehicle components.

Test No. 251

Test No. 251 was conducted to test .the ability of the Initial

Type 15 bridge barrier rail déstgn, with 6-ft, 3-in. post
spacing, to redirect a passenger vehicle impacting at a

. moderate velocity and approach angle (Figures 8 and 9, below).

FIGURE 8 FIGURE 9

Inittal barrier contact occurred at midspan between posts B-4
and B-5, approximately 20-ft. downstream of the BAGR to bridge
rail connectlion. The Impact velocity and approach angle were
64 mph and 12 degrees., The heilght of the barrier rail ele-
ments was such that upon impact the vehicle bumper and leadinag
chassis members rode un and over the lower rall and the upper
rail knifed into the body sheet metal just below the headlight.
However, there was no further penetration as the lower rail
effectively deflected the léft front wheel, thus averting any
serious vehicle/barrier entrapment. There was little tendency
for the vehicle to jump and oenly a 5 degree roll toward the
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barrier (Figure 10, below) as the vehlcle was effectlvely
redirected to an exit: angle of 3 deqrees with the barrler.

o " FIGURE 10

The total Vehlcle/barrter contact was approximately 10-ft.
Post  Impact vehicle trajectory was satisfactory with a maxi-
mum vehicle rebound into the travelled lanes of 13-ft.

rler damage was relatively minor. Two rail sections and
ge - posts were deformed and would have required replacement
or"aesthetlics. However, all the barrlier components were
§tructurally tntact and the barrfer was still functional.

The maximum residual lateral raill deflections occurred at

post B-5, approximately 3-ft. downstream of initlal impact.

The permanent deformatlion of the upper and lower ralls were
0.21-ft. and 0:14-ft., respectively (Figures 11 and 12, below).

FIGURE 11 FIGURE 12

CMWD%—mwwhsuwom
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A1l three damaged posts sustained flange deformation above

. the upper post-to-deck.connections. Maximum residual lateral
post deflections, measured from the upper edge of the simu-
lated bridge deck, were (1) post B-4, 3.0-ft., upstream of
impact, 1/4-in., (2) post B-5, 3.2-ft. downstream of impact,
1/2-in., and (3) post B-6, 9.h4-ft. downstream of Impact,

. 3/8-1n. (Figures 13, 14, and 15, below).

FIGURE 13" © 7 FIGUREIAT T FIGURE 15

~ oy . Lo

IThere'was no damage to any of the post-to-deck connectors,
rall stud bolts or splice sleeves, and, except for insignifi-

"cant surface spalling, there was no cnntrete damage.

Uehicle damage was moderate, consisting of paint scratches
and sheet metal-deformation at the left front corner, along
the .left side, and at the left rear fender. 'The grill, head-
1ights. and fender At the left front end were extensively
.deformed, a portiontof the front bumper was torn away, and
the bumner mounting brackets and leadlnq frame members were
dtstorted back toward the front wheel.> However, the deforma-
tion was essentially superficial, and ekcept for the possible
‘rubbing of distorted sheetfmetal against the, left front tire,
the vehlcle appeared to be operable (F!gu-es 16 and 17).

lnsidﬁ the passenger compartment, there was “no appreciable
"deformation of the steering wheel rim or of the*left front
door frame to indicate that the dummy had been subjected to

ClibPD www fastio.com
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high deceleration forces {(Fiqure 18). However, deceleration

recording instrumentation Indicated that the deceleration
e lateral direction, were higher

forces, particularly 1n th

FIGURE 16 FIGURE 17

than anticipated or fully desired. Records of instrumenta-
tion data are contained in the Appendix, Plates A-]) through
A-9, A summary of this data {s presented as follows:

FIGURE 18

ClibPDF - www .fastio.com


http://www.fastio.com/

.-]L}..

Highest 50 Millisecond

Accelerometer Location ' Average Value of
and Orientation peceleration in G's
1. Vehicle - longitudinal motion - 4.7

(Avg. of two accelerometers)

2. Vehlcle - lateral motion 9.0
(Avg. of two accelerometers)

3. Dummy - head (resultant of long., - 25.0
lat., and vert. accelerometers)

4. Dummy - chest - longltudinal .6
motton (one accelerometer)

The maximum seat belt load was 1350 lbs. The Gadd Severity
Index was 278. See the Discussion, Sectfon V, for an evalua-
tion of these results and the following page for additional
test data, Information, and photographs.:

C. Test No. 252

Analysis of the results of Test No. 251 ted to the modifica-
tion of the test barrier installation to provide a post
spacing of 9-ft. 4i~In. The post spacing was increased to
introduce more flexibility Into the barrier rail system with
the Intent of lessening the severlity of impact. To achieve
thls modification, seven posts were removed and 2-ft. square
sections of the cantilevered bridge deck were removed at three
locatlons. Care was taken not to damage any of the exlisting
deck reinforélng during the chipping operations. New post
anchor bolts were installed at these locations, the deck edges
within the removed sections were coated with epoxy, and new
concrete cast using a 6 sack mix. The 28-day compressive
strength of the concrete was 4540 psi. The steel rafll sections
from the original barrier were modified to provide stud bolts
and rail splices at the new locations as required. This
resulted in a discontinuity ‘in the lower rail (Figure 19).
However, this discontinuity was far enough from the location
of impact to have no effect on the test results. The helght
of the upper and lower rails was identical to that tested in
Test No. 251.

This test (Test No. 252) was conducted to determine the ability
of this modified Type 15 bridge barrler rail to redirect a
passenger vehicle impacting at a moderate velocity and approach
angle.

Initial barrier contact occurred 2.7-ft. upstream of post

B-5 (approximately 35-ft. downstream of the BAGR to bridge

rall transition) at 59 mph/lli-degrees. Vehicle/barrier inter-
action was simllar to that observed in the first test (Test

No. 251). However, vehicle tire scrub marks on the bridge deck
indicated that the left front wheel came close to projecting
beyond the edge of the bridge deck. Had this occurred, serious

ClibPD www . fastio.com
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post/wheel entrapment could have resulted. Again, vehiclae
dynamics through impact were good with no tendency to Jump,

FIGURE 19 ' FIGURE 20

A 7 degree roll toward the barrler occurred (Figure 21, below)
as the vehicle was effectively redirected to an exit angle of

2-degrees with the barrier. The total vehicle/barrier contact
was approximately 14-ft,

FIGURE 21
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The maximum vehicle rebound into the traveled lanes was
22-ft. VWhile this rebound is greater than desired, it Is
not excessive; and in view of the low 2-degree exit angle,
over-all post impact vehicle trajectory was considered
satisfactory.

The barrier damage was more severe than that observed in the

. first test (Test No. 251). Two rail sections and two posts
were deformed and would have required replacement. Although
all the principal barrier components remained physically

. intact, it is doubtful that the barrier could have sustained

a subsequent Impact into the damaged section without failure,.
The maximum residual lateral rail deflections occurred at
midspan between posts B-5 and B-6, approximately 7.4-ft.
downstream of inftial impact. Deflection of the top rail

was 0.56-ft. and the bottom rail 0.43-ft, (Figures 22 and 23,
below). HMaximum residual lateral nost deflections, measured

-

. ' FIGURE 22 FIGURE 23

from the unper adge of the simulated bridge deck were:

(1) post B~5, 2.7-ft., downstream of impact, 1-7/8 in. and
(2) post B~6, 17.1-ft. downstream of Impact, 1-7/8 in.
Although the peost deflections are numerically cemnarable,
tndicating similar loadings, at post B-6 the downstream
upper post-to-deck connector (1-in. diameter high strength
threaded rod) falled in tension and, consequently, post
flange daformation was absent at that moint. Minor post

ClibPDF - www .fastio.com
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flange deformation did occur on that side of the post just
above the lower connector (Flgure 24, below). On the up-
stream side, post flange deformaticon occurred above the

upper post-to-deck connector which remained intact (Figure
25, below).

-

FIGURE 24 FIGURE 25

At post B-5, all post-to-deck connectors were Intact and both
post flanges deformed above the upper connectors (Figure 26,
below). However, a flange/web fracture (0.1-in. by 3-in.
separation) occurred adjacent to the downstream upper post-to-
deck connector {(Figure 27, below).  There was no damage
‘sustained by any of the rall! stud bolts or splice sleaves.

"FIGURE 26 FIGURE 27
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Concrete damage was limited to minor spalling at the lower
anchor bolts and on the underside of the bridge deck at

post B-6 {Figures 24 and 25). The failure of the upper post-
to-deck connector at this post transferred Impact loading to
the lower connector and contrjbuted to the concrete damage.
However, it should be noted that post B-6 was at one of the
rebuilt sections of the bridge deck. During reconstruction
it was not possiblie, due to the vertical bolt spacing
requirement of the posts, to install the new lower post-to-
deck connectors above the existing lower longitudinal deck

reinforcing steel as specified on the plans. Had this not

been the case, the load transfer capabllity of the deck
reinforcing may have precluded some of the concrete
spalling.

Laboratory tests of the failed barrier components from Test
No. 252 were conducted to check on the possibility of
defective materfal. A hardness test was performed on the
sheared off end of the failed post-to-deck connector from
post B-6. This produced an average Brinell reading, with a
1/16~in. ball, of 94 on the B scale. This value approximates
a tensile value of 100,000 psi, which is comparable with

the minimum specified tensile strength requirement for the
anchor bolts of 105,000 psi. However, because it was both

an approximate value and slightly below specification, the
remalnder of this connector was jackhammered from the bridge
deck for further testing. A standard tensile test resulted
in values of 108,700 psi ultimate and 91,300 psi yield.

Both values are well above the specified minimum strength for
this material. A tensile specimen was also cut from the
falled post, B~5. The test results were 67,400 psi ultimate
and 41,400 psi yield. Both of these values were also well
above the minimum specified values for the post material.

The failures were therefore attributed to the inability of
the ralls to transmit the impact loading to a sufficient
number of posts due to the greater post spacing in this test.

Vehicle damage was generally similar to that observed in the
first test (Test No. 251) and consisted of paint scratches
and sheet metal deformation at the left front corner, along
the left side, and at the left rear fender. At the left
front corner, sheet metal deformation was slightly less

than that observed iIn the first test. ' However, the bumper
mounting brackets and leading frame members were more
extensively distorted, the left front wheel rim was deformed,
and the tire ruptured. Damage alpng the left side was also
similar to that observed in the first test. However, the
left rear fender damage was more severe than that observed
after Test No. 251, This indicated that a harder rear end
slap occurred as the vehicle was being redirected (Figures 28

“and 29). Data film analysis revealed that this was due to

the larger rail deflections of this test. These large
deflections permitted the vehicle to pocket Into the barrler
somewhat and follow the deflecting rails rather than rebound,
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or ‘bounce", off the barrier as observed in the first test
(Test No. 251) on the more rigid initial deslign tested.
Although vehicle body damage was essentially superficial,

the damaged left front wheel rendered the vehicle inoperable,

FIGURE 2§ ' FIGURE 29

There was no evldence Inside the vehicle passenger compart-
ment to Indicate that the dummy driver was subjected to
excessive deceleration forces. Thls was verified by the
accelerations recorded, which were generally less than those
recorded in the first test (Test No. 251). See the Appendix,
Plates A-10 through A-18 for the records of instrumentation

data. A summary of this data is glven below:
. Highest 50 Millisecond
Accelerometer Location : Average VYalue of
and Orientation __Deceleration in G's
1. Vehicle - longitudinal motion 3.1

(Avg. of two accelerométers)

2. Vehicle - lateral! motion 3.9
- (Avg. of two accelerometers)

3. Dummy -.head‘(resultant of long., 2.0
lat., and vert. accelerometers)

4." Dummy - chest - longitudinal L.y
motion {one accelerometer) :

"The méximuﬁ‘Séét'belt load was 120 lIbs. and the Gadd Severity

Index was 234. - See Discussion, Section V, for an evaluatlon
of these results.

See the following page for additional test data, information,
and photographs.
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Discusstion
General

The initlal Type 15 bridge barrier rail design, Impacted in
Test No. 251, appeared to be effective in redirecting a
passenger vehlcle impacting at a moderate velocity and angle.
Vehicular redirection was smooth, barrier damage minor, and
vehicle damage moderate. However, it was also apparent, from
the post impact vehicle trajectory and the low residual
barrier deflectlons, that the rigidity of the system exceeded
that required. |It-was decided that Increasing the post
spacing from 6-ft, 3-in. to 9-ft. 4%-in. would be desirable.
This would result in lower decelerations sustained by the
vehicle passenger compartment, due to the lncreased barrier
flexibility, as well as an economic saving through the 33%
decrease in the number of barrfer posts. The 9-ft. &4%-in.
post spacing was arblitrarily selected as an economic expedlent
as this modification could easily be effected on the existing
test Instatlation by removing every second and third post and
replacing them with a2 single post. B

Test No. 252, conducted on this modified system, substantiated
the desirablility of increased barrier flex!bility. However,
barrier damage, particularly at the post-to-deck connection,
was such that the 9-ft. 4i-in. post spacing is considered
marginal. Thus a post spacing of 8-ft, 0-in. has been deter-
mined to be the optimum to produce both the desired flexibility
and yet retain sufficient rigldity within the barrier system to
effectively contain and redlrect an impacting vehicle wlth
moderate vehicle damage, minor barrier damage, and tolerable
passenger deceleration rates.

Neither the bridge approach flare or the approach flare wling
wall were impact tested in this study. Although both were
included In the inittal project proposal, it was decided that
the design assumptions that were verified by the results of
the tests reported hereln could be utliized in the deslign of
these appurtenances., Also, because the Type 15 BAGR was
structurally similar to the successfully tested Type 8 BAGR?3,
It was felt that the results of the Type 8 BAGR tests would be
applicable. The Type 8 BAGR utilizes the same 6 WF 25 post
and concrete post footing as the Type 15 BAGR. However, the
Type 8 post spacing is 10-ft. on centers as compared to the
6-ft. 3-in. spacing utilized for the Type 15 and the Type 8
rail element is a 6- by 2-in., 12.02-1b. structural steel tube
conforming to the requirements of ASTM Deslignation A-500,

‘grade- B, whereas the Type 15 rafl element is a 3%-in. square, -

10.50~1b: structural steel ‘tube conforming to the require-
ments of ASTM Designation A-500, grades A or B, or A-501. i}
The section modulus of the Type 15 rail is approximately 70%
that of the Type 8 rail. However, the 6-ft. 3-in. post
spacing of the Type 15 system is approximately 63% that of
the Type 8. Therefore, the forces required to exceed the
ultimate strength of the Type 15 and Type 8 rail elements are
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reasonably comparable (Fy5s = 0.86Fy). Increasing the post
spacing of the Type 15 BAGR from 6-ft. 3-in. to 8-ft. O-in.
will decrease this ratio to 0.67. However, the lateral
kinetic energy imparted to the barrier during a 15 degree
impact §s only 37% of that imparted to the barrier at the _
25 degree impact angle used for the tests of the Type 8 BAGR.
Thus, an 8-ft., 0-in. post spacing should be adequate for the
Type 15 BAGR as well as on the Type 15 bridge rail.

Observation of the effect of the impact load distribution
into the reinforced concrete bridge deck led to the decision
that the structural design criteria utjlized for the deck
could be applied to the design of the approach flare rein-
forced concrete wing wall. It was felt that this would be an
appropriate application, thus obviating.the necessity of
constructing a test installation and performing a full scale
impact test. B : :

The only problem encountered during construction or recon-
struction of the bridge barrfer installation was with the
intertor sleeve rail splice. 1t was reported by construction
personnel that the lateral sliding tolerance between the

sleeve and the interior of the tube rail was too great; thus
tube alignment at the splices was not as close as desired.
However, 1t should be noted that this clearance must be
adequate to permit the splice sleeve to slide readily inside
the tube for ease of barrier construction and rafll replacement.

Another point of concern was that the dimensional tolerance
for the tube slot was such that when effecting repairs, the
splice sleeves were not readily interchangeabtle, particularly
when reusing a tube bent from the previous Impact. This,
however, could easily be remedied by increasing the tube slot
from 7/16~in. to 3-in. This should provide the needed /
tolerance for interchangeability. ‘

i

Also, some method of sliding the splice sleeve, other than
hammering on the bolt head, should be devised. Either a slot
in the adjoining tube, with a corresponding hole in the splice
sleeve, or a slot and corresponding hole on the opposlite side
of the slotted tube should suffice. This would provide for
the use of a drift pin to slide the splice sleeve and would
facilitate assembly and disassembly of the barrier,

Other than the aforementioned Items, barrfer construction and
collision repairs should be relatively easy and economical.

Interpretation of instrumentation Data

The severity of the 50 ms vehlicular decelerations reported
herein was determined by comparing the deceleration magnitudes
with the recommended 200 ms deceleration tolerance limits
proposed by Cornell, Reference 8 (see Table 1}. Injury
severity predictidns are related only to the direction

of deceleration that appears to be most critical (l.e.,

no vectorial addition of deceleration was accomplished
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unless otherwlise noted)., Reference 6 contains a discussion

of deceleration tolerances and the reasoning behind the choice
of these values, These limits define what would be, in the
opinion of the researchers, a survivable environment under
almost all clrcumstances when applied to the 50 ms time period,

TABLE |

Vehicular Decelerationé

Cornell Study
Avg. G's - 200 ms

Orientation of Decelerations (G's) Lap Belt &
Accelerometer Highest 50 ms. avg. Unre- Lap Shoulder
in Vehicle Test 251 Test 252 strained Belt Harness
1. Latera!l 9.0 3.9 3 5 15

{Avg. of 2 :
accelerom-
eters)
2. Longltudinal 4.7 3.1 5 10 25
(Avg. of 2
accelerom-
eters)

Filtered records of vehlicular deceleratlon {(reproduced in the
Appendix, Plates A-1 to A-4 and A-10 to A-13) were used to
compute the highest 50 millisecond {ms) average values
(average of ten continuous 5 ms Intervals}).

The dummy used In Tests 251 and 252 was restrained with a con-
ventional. lap belt. Referring to the table above, only the
vehlcular lateral deceleration in Test 251 (9 G's) exceeded

the recommended value for passengers restrained with lap belts.
This higher value was probably due to the closer post spacing
and, ‘hence, more rigid bridge rail system Impacted In Test 251,

Longitudinal, lateral, and vertical components of decelera-
tion from the dummy's head were vectorially combined to obtain
a resultant value of deceleration. The Gadd Severity Index

: t 2.5
( J:; 2 a dt )

was computed over the 50 mlillisecond period with the highest
average resultant values of head deceleration, using 20 time
Intervals, i.e., dt = 0.0025 seconds (see Reference 9 for a
discussion of the Gadd Severity Index and the tolerance of
the human head to deceleration). The Gadd Severity Index'?,
based on the resultant deceleration of the dummy's head, was
278 for Test 251 and 234 for Test 252. The lower threshold
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of fatal head injuries Is 1000 assuming no penetration of the
skull occurs; therefore, the dummy would only have suffered
moderate injuries in both tests, provided the impact occurred
on the dummy's forehead or an equally strong portion of the
skull and was distributed such that no penetration of the
skull occurred.

The measured seat belt load was 1350 lbs. for Test 251 and
120 1bs., for Test 252 (see Plates A-9 and A~18). These are
not excessive values, as expected, because of the proportion
of the dummy's motion that was in the lateral dlirection and,
as such, relatively Independent of the lap belt. The reason
for the wide variation in seat belt loads is not readily

apparent. It appears that the magnitude of these loads is
independent of the longitudinal dummy chest decelerations,
which were almost identical for both tests. It is possible

that there was a malfunction In the Instrumentatlion for one
or both tests which caused the wide variation In recorded
seat belt Toads.

An estimate of injury severity for both collisions can be
inferred from the above results. Passengers restralned with
lap belt and shoulder harness would probably have Incurred
minor or no injurlies, passengers with lap belts might have
sustained moderate fnjuries, and passengers who were unre-
strained could have suffered serious Injurles.

The above results also indlcate that the bridge rail system
used for Test 252 was slightly preferable to that of Test 251
Arom the injury potentlal standpoint due to the lower vehicle
decelerations recorded in Test 252 (particularly in the lateral
direction). However, the dummy decelerations were approxi-
mately the same for both tests and are therefore inconclusive
with regards to barrier preference (dummy decelerations are
tabulated in Section V¥, Test Results).

The vehicle accelerometer records show that for both tests
vehicular backslap decelerations In the longitudinal! direction
were less than those recorded durling the Initlal impact
, (Plates ‘A-2, A-4, A-11, and A-13). However, In the lateral
s direction, the decelerations recorded during both the initial
impact and the backslap were approximately equal (Plates A-1,
~A-3, A-10, and A-12).

Correlation with Math Model

The average Tateral and longitudinal vehlcular décelerations
were calculated using the mathematical model described in
Reference 11. In Test 251 an exlt velocity, Vg, of g4 fps (same
as Impact velocity} and an estimated dynamic deflection, D,

of 0.4 ft., when the vehicle was parallel to the bridge rail,
were used in the calculations. In Test 252 an exit velocity,
VE, of 75.5 fps and a dynamlc deflection, D, of 0.96 ft. were
used. The above values were based on an analysis of film

from the high speed cameras. Values of impact velocity, angle
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of impact, and other variables were as reported earller in
this paper. The following values of acceleration were
obtalned: '

TABLE |1

Test 251 Test 252

G lat (éverage'fatéral vehicular o 3.24 2,61

deceleration in G's)

G long (averagéfldngitudiﬁél'vehlcular , 0 i.OS
deceleration in G's) .

At (time Interval over which the above. 0.187 0.249
average values occur In seconds)

For comparison, the average values of deceleration were com-
puted using accelerometer records (Plates A-1 to A-4 and A-10
to A-13). The corresponding values of At were used for each
test and each value of deceleration was based on the average
of two filtered accelerometer records, one each at Location A

and E In the vehlcle. In the case of Test 252, which was
filtered at 176 Hertz, the faired In curves of acceleration
shown In the Appendix were used. It should be noted that

these accelerations were all measured with flxed accelerom-
eters referenced to the longitudinal axis of the vehicle
whereas those calculated from the mathematical model were
measured with respect to the barrier axis. The calculations
from the accelerometer records were accomplished using time
Increments of 0. 005 seconds. The following values were
obtained:

TABLE 11|
Test 25] Test 252
G lat 5.0 ‘ 2-5-
G long 2.2 o 1.6

The measured accelerations exceeded the predlicted values by
more than the 20% that was mentloned in NCHRP Report 86 with
the exception of the average lateral deceleration in Test 252
which agrees quite well. Report 86 includes an estimate that
the proportion of the unrestrained occupants who will receive
injurles is one tenth the value, iIn G's, of the average

lateral vehicular deceleration during angle Impacts. Hence,
based upon the decelerations presented in Tables I) and (11,

above, 32 to 50% of the unrestrained occupants of a vehicle
dupli¢ating Test 251 and approximately 25% of those unre-
strained occupants involved in a collision that duplicated
Test 252 would receive injuries as per NCHRP Report 86.
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Vi, IMPLEMENTATICN

As a result of the tests reported herein, the post
spacing will be changed from 6-ft. 3-in. to 8-ft,
0-tn. on Caltfarnia Standard Plan B11-48 (Metal

Tube Bridge Ralling, Type 15). In addition, the
tube splice modifications will be added on the
Standard Plans for all bridge rails using this

type tube splice. These design modificattions will
result in a more econemical and effective bridge
barrier rail for use on Federal Aid Secondary and
cartain California State Pighways (Figure 30, below).

FIGURE 30
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EXHIBIT 6

" CALIFORNIA DIVISION OF HIGHWAYS

VEHICLE TRANSDUGER INSTRUMENTATION

Type 15 Barrier Rai! Impaet Test

ClibPDF -
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of car
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CHANNEL NO.
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¢4’ - h - Transducer

LOCATIONS

Langitudinal accelerometer mounted in Stan's head.
Lateral accelerometer mounted in Stan's head.
Vertical accelerometer mounted in Stan's head.
Longitudinal accelerometer mounted in Stan's chest.
Longitudinal accelerometer mounted on car floor,
Longitudinal occelerometer mounted on car floor.
Lateral acceleromeler mounted an car ficor.

Lateral accelerometei mounted on car floor.

Seat belt transducer across Stan’s lap.
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