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FOREWORD

This report will be of interest to researchers and those who select, locate, and design traffic
barriers. It documents the results of a crash test of a New York Two-Rail Bridge Rail. This was
the first test of a series intended to evaluate this new bridge rail design. The objective was to see
if it meets Test Level Four (TL-4) in NCHRP Report 350. In this test, an 820-kg small car
impacted the bridge rail at a nominal speed and angle of 100 km/h and 20 degrees. The test
results met all of the evaluation criteria for the test designated as no. 4-10 in NCHRP Report 350.
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NOTICE

This document is disseminated under the sponsorship of the Department of Transportation in the
interest of information exchange. The U.S. Government assumes no liability for its contents or
use thercof. This report does not constitute a standard, specification, or regulation.

The U.S. Government does not endorse products or manufacturers, Trade and manufacturer’s
names appear in this report only because they are considered essential to the object of the
document.
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ac acres 0.405 hectares ha ha hectares 2.47 acres ac
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VOLUME VOLUME
fl oz fluid ounces 29.57 milliliters mL mL milliliters 0.034 fluid ounces floz
gal gallons 3.785 liters L L liters 0.264 gallons gal
fts cubic feet 0.028 cubic meters m? m? cubic meters 35.71 cubic feet fts
yd? cubic yards 0.765 cubic meters m3 m? cubic meters 1.307 cubic yards yd?
NOTE: Volumes greater than 1000 | shall be shown in m3.
MASS MASS
oz ounces 28.35 grams g g grams 0.035 ounces oz
Ib pounds 0.454 kilograms kg kg kilograms 2.202 pounds Ib
T short tons 0.907 megagrams Mg Mg megagrams 1.103 short tons T
(2000 Ib) (or “metric ton”) (or “t”) (or “t”) (or “metric ton”) (2000 Ib)
TEMPERATURE (exact) TEMPERATURE (exact)
EF Fahrenheit 5(F-32)/9 or  Celcius EC EC Celcius 1.8C+32 Fahrenheit EF
temperature (F-32)/1.8 temperature temperature temperature
ILLUMINATION ILLUMINATION
fc foot-candles 10.76 lux Ix Ix lux 0.0929 foot-candles fc
f foot-Lamberts 3.426 candela/m? cd/m? cd/m? candela/m? 0.2919 foot-Lamberts f
FORCE and PRESSURE or STRESS FORCE and PRESSURE or STRESS
Ibf poundforce 4.45 newtons N N newtons 0.225 poundforce Ibf
Ibf/in2 poundforce per 6.89 kilopascals kPa kPa kilopascals 0.145 poundforce per Ibf/in2
square inch square inch

1S the symbol for the International System of Units. Appropriate
rounding should be made to comply with Section 4 of ASTM E380.
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INTRODUCTION

PROBLEM

Recently, the Federal Highway Administration (FHWA) adopted National Cooperative
Highway Research Program (NCHRP) Report 350, Recommended Procedures for the Safety
Performance Evaluation of Highway Features, asthe officid guiddinesfor performance evauation
of roadside safety hardware® NCHRP Report 350 specifies the required crash tests for longitudina
barriers, such as bridge railings, for sx performance levels, aswell as evauation criteriafor structura
adequacy, occupant risk, and post-test vehicle trgectory for each test. The New Y ork Two-Rail
Curbless Bridge Railing is to be evaluated according to the specifications of test leve four (TL-4) of
NCHRP Report 350.

BACKGROUND

After October 1998, FHWA has required that al new roadside safety features to be instaled
on the Nationd Highway System (NHS) meet the NCHRP Report 350 performance evauation
guidelines. Mogt of the existing roadside safety festures were tested according to the previous
guiddines contained in NCHRP Report 230.20 Therefore, it is necessary to test existing roadside
safety features to evauate how they would perform under the new guiddines.

OBJECTIVES

The objective of this study isto crash test and evaluate the New Y ork Two-Rail Curbless
Bridge Ralling to test level 4 of NCHRP Report 350. In order to evauate & TL-4, three full-scale
crash tests on the length of need (LON) of the longitudinal barrier are required. These include an 820-
kg passenger car impacting the critical impact point (CIP) a anominal impact speed and angle of 100
km/h and 20 degrees, a 2000-kg pickup truck impacting the CIP at a nominal impact speed and angle
of 100 kmvh and 25 degrees, and an 8000-kg single-unit truck impacting the CIP at a nomina impact
gpeed and angle of 80 km/h and 15 degrees.

This report presents the details of the New Y ork Two-Rail Curbless Bridge Railing study and
the results of the smdl car test: NCHRP Report 350 test designation 4-10, which isthe 820-kg
passenger car impacting the CIP at 100 km/h and 20 degrees. The New Y ork Two-Rail Curbless
Bridge Railing met al requirements specified for NCHRP Report 350 test designation 4-10.



TECHNICAL DISCUSSION

TEST PARAMETERS

Test Facility

The test facilities at the Texas Trangportation Indtitute' s (TT1) Proving Ground consist of an
809-hectare complex of research and training facilities Stuated 16 km northwest of the main campus of
Texas A&M Universgity. The dte, formerly an air force base, has large expanses of concrete runways
and parking gpronswell suited for experimental research and testing in the areas of vehicle performance
and handling, vehicle-roadway interaction, durability and efficacy of highway pavements, and safety
evauation of roadsde safety hardware. The Site sdlected for the
placing of the bridge railing is dong the edge of awide expanse of
concrete gprons that were originally used as parking gprons for
military aircraft. These aprons consist of unreinforced jointed
concrete pavement in 3.8-m by 4.6-m blocks (as shown in the
adjacent photo) nominaly 203 to 305 mm deep. The aprons and
runways are about 50 years old and the joints have some
displacement, but are otherwise flat and level. The soil was
excavated at the edge of the gpron and a section of the apron was
broken off and sufficient reinforcing bars were added to join to the smulated bridge deck. The
following section includes the details of the bridge deck and bridge rail cross section.

Test Article — Design and Construction

The New York Two-Rail Curbless Bridge Railing is a sted-beam and stedl-post system on a
concrete bridge deck. TTI received adrawing from the New Y ork Department of Transportation
entitled “ Proposed Test Details Sted Bridge Railing Two Rail.” This drawing provided details for
congtruction of the concrete deck ingtallation and fabrication of the Two-Rail Bridge Railing system.
Based on these details, TTI prepared drawings for congtruction of the bridge railing test ingtdlation.
These drawings are shown as figures 1 and 2 in this report.

For this project, asmulated concrete bridge deck cantilever was congtructed. The total length
of the test ingtalation was 21.98 m. The bridge deck cantilever was 750 mm in width and 300 mm
thick. The bridge deck cantilever was constructed immediately adjacent to an existing concrete runway
located at the TTI test facility. The concrete deck was anchored to the runway by welding “L” -shaped
dowels to existing dowels located in the concrete runway. The 28-day compressive strength of the
concrete used to congtruct the deck was 27.6 MPa. Prior to congtructing the deck, a concrete footing
was congtructed to provide additiona support for the concrete deck. The footing measured 1665 mm
in width and 203 mm in depth.



22860

1430

L
| 14X i 8 SPACES B 2500mm=20A00mm +
kN & wlr o
I
610
F
1860 FHad 4 Favl + P&t + 4 PR
75808 h W NARRIN &
[ I 15 b R i I N I
PLAN
SCALE 1,25
EMBEDIED ANDHOR PLATE ASSENBLY
(FOR DETALS SEE STEEL DRANING] D
r

s p
t rd r A
- an [EP— T =
SECTRN D-D

NI
Tg ALL RALING 5 T2 OE FADRKATID AND
ITED ADDIWROING TO SEOWN SB8& OF TE
STANDARD
2.PRIOA TO GALVANIZING
SRND ALL

3,D0LTS SHALL BE TRRGUED BNUD TIOH!
SAPPROX, 138 N-m),

4 AL SEEL SHALL OC ASTM ASERM DR AS724
UNLESE OTHERWBE NOTER

G AL RENFCRICNENG SHALL GE ASTM AB1SN,
GRADE 400,

6. AL RENFORCEMENT EFOXY COAED UNLEDD
NOTED OTHERVEE

The Texaa AkM University System

COLAEGE GUATION TEXAR 7Y849

ADMEEd 4, WFW

Shest To.
1«

BRIDGE RAL
CONIGRETE

Figure 1. Details of the New Y ork Curbless Two-Rail Bridge Railing for test 404531-1.



21578

HNE POSIS AT 28 M SPAING

FIXED SUOE TUBE 'E T T
\exronan e N D T3 { Fafew I J S N [t 1t
D
— . /ﬂmxmxu AL PLATE ' /— RS 1 REL 4 AN o7 FE1
BALVANIZ B> TUBE "\ |
e Z 7 A J e
m T T = T |
Sk LAY
He —~ -]
) IIIJ!’. LT
PLAN
al. |
e B 1 me s
117X127%7.9
VANZED TUBE
MZD FULLY THREAZED SPLIE E[LT, 19Dmen LOND
DOXBROXIO FLL PLATE (ASTM DESIGNABMIN AXZSM, TYPE 1), TVD
FLAT MSHERS AND HERVY' HEX NUL N TO
BE FINGER TEHT ANO THE FIRST THREAP
ELEVATION BELOV HE WIT 0 BE DAMAGED E ¢ Fak FIXED gﬂgﬂ_ﬁu_lﬂg
4 TOUTR AT EACH BPLEE (o O ] STEEL BRDGE RALNE
DETAL 1~FIXED SPUCE TUBE ELEVATON (W RAL =
SENE 210 DETAIL 2~FIXED SPLICE ASSENBLY e
BCALE 1:10
NOTER
L . o o ] 1. ALL RALNG. & T B FAGROATED AND
FRETED NG T GECTION B6B OF THE
STANDARD SPFELCKF ICATIONT,
2 PRAK T2 GAVANZING THE ABOEMBLED PBOL.
H‘FIAD"N.L [4v —] WN&L ﬁm BARS
3. BOLTS SHALL BE TORGUEPR SNUG BGHT
[ArROX, 138 N-n)L
paT 4. AIL 6TEEL GHALL BE ATV ARM SR AS72
JL— UNLESS OTHERWISE NOTEL,
EARRAE DOLT 28 mm DIA HOLE 3 AL RERNFEYGEMENT SHALL BF AN AD1EM
n X [SEE NTE 9) iR ]Xl-_ ::" X 30 200 fg‘u"%oﬁ"mﬁm & :ﬁg CHALL OE ASTM ASO0 GRADE (1]
51_7 ) 28 mm O HOLE WITH 4 HEAVY HEX NUTS T GAGEPLATER GHALL EE AGTW ABLRM OR
- T3 5 RAL T : > 98 |je—154—+] FOR 24 ANGHOR AND 4 WASHERS ABTZV GRADE 60 MAERIA
i r AT 22mm BA HOLES FOR NZO b BOLT (TYR,) ) EACH [TYR,) 3, s NUTS & WATHERS BHALL BE
E? TALV. ROUND HEAD BALARE =0 T sa o1 ATEM TYFE | NATERIAL
i roeees EXHY GRS, | T e 1‘ Y S merm,  comman mevessus
i e IS 1 lels WVASHER {TYP) SEE NOTE 0. -l_ _]_ {SEE NOTE 11) 4. NUTS & WASHERS FOR ANCHDR STUOS
w0 I 1 SHALL BE AX26N TE 1 DR TYPE 3
[ o =z =p | V1B \—ED— 142 D 280 1. ADHI PATS SUL B
ANGHOI AJSM MATERIAL
it "™\ vimc 374 A’ ‘A ﬁfp‘ui 'EDE‘:::;T“ J_ l _l_ 200 uwmﬁéimhw oot B
t = N B = = 4 L R R AR i =T ¥ & o AL STEE SAL B GANANZD EXEPT
N\ BRSEHATE = T I__ _.I-. (SEE NOTE 7) T aul-—m-l-—tzs—-lm
(SEE NaTE 7) B ] — o
By '\ 50f=-125 15:'61}129_
SECTION A—A SECTION B—B The Texns AXM University System
SECTION C—G~TYFICAL TYPICAL POST ELEVATION - BCALE S s ]| TEXAS TRARGPORTATION INGILTUTE
POST SECTIEN WITH ANCHOR PLATE YRE: avcroR,_amupe L Awava STATION, TEEA3 77843
) ASSENBLY BE INSTALLED BN THE TRAFFIC QIDE =
SCALE 1:10Q OF POAT. # | , =
b 1) - A A PRIE EAL E;:Ell';

Figure 2. Layout of test ingdlation.




After congtruction of the footing, form work was constructed for avertica support wall and the
concrete deck cantilever. The vertical support wall and the concrete deck cantilever were poured with
one continuous concrete pour. The vertical support wal was 305 mm in width and served to anchor the
deck to the exigting runway and footing. Two layers of reinforcement were congtructed in the deck and
extended through the deck into the vertica support wall. The bottom layer of transverse reinforcement
was epoxy coated and consisted of #13 bars a 200-mm spacings. The bottom longitudina
reinforcement consisted of four bars on 200-mm spacings. The outer three longitudind bars were #16
bars and the innermost bar (traffic sde) was a#13 bar. The outermost (fidld Side) bottom longitudina
bar was epoxy coated. Longitudina reinforcement in the vertical support conssted of three #13 “bare
stedl” bars on each face.

The top layer of transverse reinforcement consisted of aternating #13 and #19 bars on 100-
mm spacings. The transverse bars were hooked using a 90-mm radius. The hook extended an
additiona 215 mm and lapped the bottom transverse reinforcement. Starting from the fidld Sde of the
deck towards the traffic Sde, the longitudina reinforcement consisted of four #16 bars on 100-mm
gpacings located beneeth the top transverse reinforcement with three #13 bars on 200-mm spacings
located above the top transverse reinforcement. All reinforcement used in the top layer of reinforcement
was epoxy coated.

The New York Two-Rail Bridge Railing congsts of two TS 152x152x4.8 tubes supported by
W150x37 posts on 2500-mm spacings. Each post was 790 mm in height and was continuously welded
to a 350-mm x 350-mm x 38-mm baseplate with a 12-mm fillet weld. A 40-mm high-strength
cementitious grout pad was placed beneath each post. The posts were anchored into the concrete deck
using five M24 anchor bolts and 350-mm x 350-mm x 10-mm anchor plates. Three of the five anchor
bolts were located on the traffic face of the posts. The anchor plates were embedded into the concrete
deck 175 mm from the top surface of the deck. The anchor plates were fabricated usng A36 Materid.
The anchor bolt materia met the requirements of specification ASTM F568 Class 8.8. The posts and
the baseplates were fabricated using A572M Grade 50 materia. The lower rail was located 412 mm
from the top of the deck and the upper rail was located 714 mm from the top of the deck. Therails
were connected to each post using four M 20 galvanized round head square neck (carriage) bolts. The
round heads of the bolts were located on the traffic face of therail and bolted through the rail and the
front flange of the post. Therails were spliced together using a fixed splice tube fabricated from
TS127x127x7.9 tube with two 100-mm x 660-mm x 10-mm plates welded on two sides of the tube.
The splice tube was connected to the rail tubes using four M19 x 190-mm bolts. The splice tube bolts
met the requirements of ASTM A325 Type 1 material. The bridge rail tubes met the requirements of
ASTM A500 Grade B materid. The tube rail splices met the requirements of ASTM A500 Grade B
and A572M Grade 50 material. For additiond information, seefigures1 and 2.

All materia was gdvanized except the anchor bolts and anchor plates. The completed
ingdlation is shown in figure 3.



Figure 3. New York Two-Rail Curbless Bridge Railing prior to testing.



Test Conditions

According to NCHRP Report 350, three tests are required to evaluate longitudind barriers,
such as bridge railings, to test leve four (TL-4) and are as described below.

NCHRP Report 350 test designation 4-10: An 820-kg passenger car impacting the (critica
impact point) CIP in the length of need (LON) of the longitudina barrier at anomina speed
and angle of 100 km/h and 20 degrees. This purpose of thistest isto evaluate the overal
performance of the LON section in generd, and occupant risk in particular.

NCHRP Report 350 test designation 4-11: A 2000-kg pickup truck impacting the CIPin
the LON of the longitudina barrier at anominal speed and angle of 100 km/h and 25 degrees.
Thetest isintended to evauate the strength of section in containing and redirecting the pickup
truck.

NCHRP Report 350 test designation 4-12: An 8000-kg single-unit truck impacting the CIP
inthe LON of the longitudina barrier at anomina speed and angle of 80 km/h and 15 degrees.
Thetedt isintended to evauate the strength of the section in containing and redirecting the
heavy truck.

The crash test reported herein (test 404531-1) corresponds to NCHRP Report 350 test
designation 4-10.

The crash test and data anadlysi's procedures were in accordance with guidelines presented in
NCHRP Report 350. Brief descriptions of these procedures are presented in appendix A.

Evaluation Criteria

The crash test performed was eval uated in accordance with the criteria presented in NCHRP
Report 350. Asdtated in NCHRP Report 350, “ Safety performance of a highway gppurtenance
cannot be measured directly, but can be judged on the basis of three factors: structura adequacy,
occupant risk, and vehicle trgectory after collison.” Accordingly, the following safety evauation
criteriafrom table 5.1 of NCHRP Report 350 were used to evaluate the crash test reported herein:

° Structural Adequacy

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



Occupant Risk

D.

Detached elements, fragments, or other debris from the test article
should not penetrate or show potential for penetrating the
occupant compartment, or present an undue hazard to other
traffic, pedestrians, or personnel in a work zone. Deformation of,
or intrusions into, the occupant compartment that could cause
serious injuries should not be permitted.

The vehicle should remain upright during and after collision,
although moderate roll, pitching, and yawing are acceptable.

Occupant impact velocities should satisfy the following:
Longitudinal and Lateral Occupant Impact Velocity - m/s

Preferred Maximum
9 12

Occupant ridedown accelerations should satisfy the following:

Longitudinal and Lateral Occupant Ridedown Accelerations - g's
Preferred Maximum
15 20

Vehicle Trajectory

K.

After collision, it is preferable that the vehicle’s trajectory not
intrude into adjacent traffic lanes.

The exit angle from the test article preferably should be less than
60 percent of the test impact angle, measured at time of vehicle
loss of contact with the test device.



CRASH TEST 404531-1 (NCHRP REPORT 350 TEST 4-10)

Test Vehicle

A 1993 Ford Festiva, shown in figures 4 and 5, was used for the crash test. Test inertia weight
of the vehicle was 820 kg, and its gross static weight was 896 kg. The height to the lower edge of the
vehicle front bumper was 395 mm and height to the upper edge of the front bumper was 550 mm.
Additiond dimensons and information on the vehicle are given in gppendix B, figure 11. The vehicle
was directed into the ingtdlation using the cable reverse tow and guidance system, and was released to
be free-whedling and unrestrained just prior to impact.

Weather Conditions

The crash test was performed the morning of October 23, 1998. A total of 178 mm of rain
was recorded 2 days prior to the test, but this did not affect the test
as the bridge railing was ingtdled on the concrete deck. No other
rainfall occurred during the 10 days prior to the test. Westher wina'dreenen 8| 90°

vehigle fixed os

conditions at the time of testing were as follows: Wind Speed: 6 ':f'“' .ﬁ_ﬁ, —

km/h; Wind Direction: 200 degrees with respect to the vehicle
(vehidle traveling in a southerly
direction); Temperature: 16EC; Relative Humidity: 37 percent. B

1B0°

TC N

Impact Description

The vehide, traveling at 100 km/h, impacted the two-rall bridge railing 1.2 m upstream from
post 4, at a 19.1-degree angle. Shortly after impact, the bottom rail showed movement. At 0.010 s,
the right front whedl steered I€ft then traveled pardld with the rail. The upper rail moved at 0.012 s. At
0.017 s, the vehicle sright front wheel continued to steer left. Post 4 deformed at 0.019 s. At 0.024 s,
the right front whed canted as the upper part of the tire was pushed down from the lower bridge railing.
The vehicle began to redirect a 0.038 s. The right front tire contacted the concrete and meta base of
post 4 a 0.056 s, and a 0.066 s, the right front tire contacted post 4. At 0.068 s, the right-side
passenger door window shattered, and at 0.097 s, the rear of the vehicle impacted the bridge railing.
Traveing at 89.1 knvh, the vehicle was moving pardld to the rail dement at 0.113s. At 0.165 s, the
left front tire steered right. At 0.224 s, traveling a 85.3 km/h, the vehicle lost contact with the bridge
railling at a0.8-degree angle. Brakes on the vehicle were gpplied at 1.4 s, bringing the vehicle to rest
52.7 m downstream from impact and 9.1 m behind the ingtalation. Sequentia photographs of the test
period are shown in gppendix C, figures 12 and 13.



Figure4. Vehiclelingalation geometrics for test 404531-1.



Figure 5. Vehicle before test 404531-1.



Damage to Test Article

Damage to the New Y ork Two-Rail Curbless Bridge Railing isshown in figures6 and 7. Tire
marks were on the baseplate and nuts at impact. No cracksin the deck were noticed after the test.
There was cosmetic damage with no measurable deformation of therall dements. Totd length of
vehicle contact with the rail dement was 3.0 m.

Vehicle Damage

The vehicle sustained structural damage on the front right and right Sde. The sway bar, A-
arm, motor support, and right strut and axle were dl severely damaged. The front right portion of the
bumper, fan, radiator, hood, tire, and whed were damaged as shown in figure 8. Theright front and
rear quarter panels and right door were dented. The left front tire so sustained damage. The roof had
adight buckle on the passenger sde. The maximum exterior crush was 190 mm, measured near
bumper height on the right Ssde. Maximum deformation of the occupant compartment was 15 mm (2-
percent reduction in space) in the right firewall area. The door and the floor pan were deformed. The
interior of the vehicleis shown in figure 9. Exterior vehicle crush and occupant compartment
measurements are shown in appendix B, tables 3 and 4.

Assessment of Test Results

Asdaed previoudy, the following NCHRP Report 350 safety evauation criteriawere used to
evauate this crash test:

° Structural Adequacy

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

The New Y ork Two-Rail Curbless Bridge Railing contained and redirected the
vehicle. The vehicle did not penetrate, underride, or override the ingtalation.

° Occupant Risk

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



Figure 6. Vehicletrgectory path after test 404531-1.



Figure 7. Installation after test 404531-1.



Figure 8. Vehicle after test 404531-1.



Before test

After test

Figure 9. Interior of vehiclefor test 404531-1.



and intrusions into, the occupant compartment that could
cause serious injuries should not be permitted.

No detached elements, fragments, or other debris from the test
article were present to penetrate or to show potential for
penetrating the occupant compartment. Minimal deformation
occurred to the occupant compartment, 15 mm (2% reduction
in space) in theright firewall area

The vehicle should remain upright during and after collision,
although moderate roll, pitching, and yawing are acceptable.

The vehicle remained upright during and after the collision
period.

Occupant impact velocities should satisfy the following:

Longitudinal and Lateral Occupant Impact Velocity - m/s

Preferred Maximum
9 12

Occupant ridedown accelerations should satisfy the following:

Longitudinal and Lateral Occupant Ridedown Accelerations - g's

Preferred Maximum
15 20

Data from the accelerometer located at the vehicle center of
gravity were digitized for evaluation of occupant risk and were
computed as follows. In the longitudinal direction, the occupant
impact velocity was 4.7 m/s at 0.196 s, the highest 0.010-s
occupant ridedown acceleration was -2.5 g'sfrom 0.132 to
0.142 s, and the maximum 0.050-s average accel eration was -
6.3 g’'s between 0.034 and 0.084 s. In the lateral direction, the
occupant impact velocity was 7.5 m/s at 0.085 s, the highest
0.010-s occupant ridedown acceleration was-11.3 g’'s from
0.126 t0 0.136 s, and the maximum 0.050-s average was -

13.9 g’ s between 0.022 and 0.072 s. These data and other
pertinent information from the test are summarized in figure 10.
Vehicle angular displacements and accelerations versus time
traces are presented in appendix D, figures 14 through 25.



Vehicle Trajectory

K. After collision, it is preferable that the vehicle’s trajectory not
intrude into adjacent traffic lanes.

The vehicle did not intrude into adjacent traffic lanes asit came
to rest behind the installation

M. The exit angle from the test article preferably should be less than
60 percent of the test impact angle, measured at time of vehicle
loss of contact with the test device.

The exit angle at loss of contact was 0.8 degrees, which was
significantly less than 60 percent of the impact angle.
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General Information

Soil Type and Condition

52.7 m
Impact Conditions
................ Texas Transporta[ion Institute Speed (km/h) e e
................... 404531-1 Angle(deg) ........ ... ...
...................... 10/23/98 Exit Conditions
Speed (km/h) ...
...................... Bridge Railing Angle(deg) .............. ...
Name or Manufacturer New York Two-Rail Bridge Railing Occupant Risk Values
Installation Length (m) 229 Impact Velocity (m/s)
Material or Key Elements Tubular Steel Rail Elements on Steel x-direction . ...
Wide-Flange Posts on deck y-direction.....................
Concrete Deck, Dry THIV (km/h) .....................
Ridedown Accelerations (g's)
...................... Production x-direction . ........... .. ... ..
................. 820C y-direction.....................
..................... 1993 Ford Festiva PHD(Q'S) «iviieieiiiieaae
ASE
.................... 814 Max. 0.050-s Average (g's)
............... 820 x-direction . ............. ... ...
................. 76 y-direction.....................
.............. 896 z-direction ....................

Test Article Deflections (m)

Dynamic .................... nil
Permanent .................. nil
Vehicle Damage
Exterior
VDS .. 01RFQ2
CDC ..o 01FREK2
& 01RFEW2
Maximum Exterior
Vehicle Crush (mm) ........ 190
Interior
OCDI ... RF0000000
Max. Occ. Compart.
Deformation (mm) .......... 15

Post-Impact Behavior
(during 1.0 s after impact)

Max. Yaw Angle (deg) ... ....... .17
Max. Pitch Angle (deg) ......... 3
Max. Roll Angle (deg) .......... -8

Figure 10. Summary of results for test 404531-1, NCHRP Report 350 test 4-10.




CONCLUSIONS AND RECOMMENDATIONS

SUMMARY OF FINDINGS

The New Y ork Two-Rail Curbless Bridge Railing contained and redirected the vehicle. The vehicle
did not penetrate, underride, or override the installation. No detached elements, fragments, or other
debris were present to penetrate nor to show potential for penetrating the occupant compartment, nor
to present an undue hazard to other traffic. Maximum deformation of the occupant compartment was
15 mm (2% reduction of space) in the right firewall area. The vehicle remained upright during and after
the collision period. Occupant risk factors were within the limits specified in NCHRP Report 350. No
intrusion into adjacent traffic lanes occurred after the vehicle lost contact with the bridge railing as the
vehicle cameto rest behind the installation. Exit angle at loss of contact was 0.8 degrees, which was
less than 60 percent of the impact angle.

CONCLUSIONS

The New Y ork Two-Rail Curbless Bridge Railing met al requirements specified for NCHRP Report
350 test designation 4-10.



Table 1. Performance evaluation summary for test 404531-1, NCHRP Report 350 test 4-10.

Test Agency: Texas Transportation Institute Test No.: 404531-1 Test Date: 10/23/98

NCHRP Report 350 Evaluation Criteria Test Results

Structura Adequacy

A. Test article should contain and redirect the vehicle; the vehicle The New Y ork Two-Rail Curbless Bridge Railing contained
should not penetrate, underride, or override the installation, and redirected the vehicle. The vehicle did not penetrate,
although controlled lateral deflection of thetest articleis underride, or override the installation
acceptable.

Occupant Risk

D. Detached elements, fragments, or other debris from the test article No detached elements, fragments, or other debris were
should not penetrate or show potential for penetrating the present to penetrate nor to show potential for penetrating the
occupant compartment, or present an undue hazard to other occupant compartment, nor to present an undue hazard to
traffic, pedestrians, or personnel in awork zone. Deformations of, other traffic. Maximum deformation of the occupant
or intrusions into, the occupant compartment that could cause compartment was 15 mm (2% reduction in space) in the right
serious injuries should not be permitted. firewall area.

The vehicle should remain upright during and after collision, The vehicle remained upright during and after the collision
although moderate roll, pitching, and yawing are acceptable. period.

H. Occupant impact velocities should satisfy the following:

Occupant Velocity Limits (m/s) Longitudinal occupant impact velocity = 4.7
Component Preferred Maximum Lateral occupant impact velocity = 7.5
Longitudina and latera 9 12
Occupant ridedown accelerations should satisfy the following:
Occupant Ridedown Acceleration Limits (g's) Longitudinal ridedown acceleration=-25¢'s
Component Preferred Maximum Lateral ridedown acceleration =-11.3g's
Longitudina and latera 15 20

Vehicle Trajectory

K. After collision, it is preferable that the vehicle's trgjectory not No intrusion occurred after the vehicle lost contact with the
intrude into adjacent traffic lanes. bridge railing.

M. The exit angle from the test article preferably should be less than Exit angle at loss of contact was 0.8 degrees, which was less
60 percent of the test impact angle, measured at time of vehicle than 60 percent of the impact angle. Pass

loss of contact with the test device.
*CriteriaK and M are preferable, but not required.




APPENDIX A. CRASH TEST PROCEDURES AND DATA ANALYSIS

The crash test and data analysis procedures were in accordance with guidelines presented in NCHRP
Report 350. Brief descriptions of these procedures are presented as follows.

ELECTRONIC INSTRUMENTATION AND DATA PROCESSING

The test vehicle was instrumented with five uniaxia accelerometers mounted in the following locations:
(1) center top surface of the instrument panel; (2) inside end of right front wheel spindle; (3) inside end
of left front wheel spindle; (4) top of engine block; and (5) bottom of engine block. The exact location
of each accelerometer was measured and isreported in table 1. These accelerometers were
ENDEVCO Model 7264A low-mass piezoresistive accelerometers with a+2000-g range.

Table 2. Locations of vehicle accelerometers for test 404531-1.

X (mm) Y (mm) Z. (mm)
Location (distance from | (distance from | (distance from Data Axis
front axle) centerline) ground)

Instrument panel 0 0

Right front
wheel spindle

Left front
wheel spindle

Top of
engine block

Bottom of

engine block X

Vehiclec.g. +X,+Y +Z

Vehiclerear axle +X,+Y

Reference point: X=0 at front axle Y=0 at centerline Z=0 at ground
Sign convention: +X=forward +Y=right +Z=down



On-board data acquisition is provided by a 16-channel Prosig P4010 system. Each analog channel
hasintegral signal conditioning, fixed-frequency anti-alias filtering, and a programmable transducer
bridge power supply. Each P4010 four-channel POD contains 1 Mb of battery-backed memory
allowing for more than 13 s of storage at a maximum of 10,000 samples per second per channel. All
channels are synchronized by a common external clock. The accuracy of this systemis +0.1%.

In addition, the test vehicle was instrumented with three solid-state angular rate transducersto
measure roll, pitch, and yaw rates; atriaxial accelerometer near the vehicle center of gravity to measure
longitudinal, lateral, and vertical acceleration levels, and a back-up biaxial accelerometer in the rear of
the vehicle to measure longitudinal and lateral acceleration levels. These accelerometers were
ENDEVCO Model 2262CA, piezoresistive accelerometers with a+100-g range.

The accelerometers are strain-gage type with alinear millivolt output proportional to acceleration.
Rate-of-turn transducers are solid state, gas flow units designed for high g service. Signal conditioners
and amplifiersin the test vehicle increase the low-level signalsto a+2.5-V maximum level. The signal
conditioners also provide the capability of an R-Cal or shunt calibration for the accelerometers and a
precision voltage calibration for the rate transducers. The electronic signals from the accel erometers and
rate transducers are transmitted to a base station by means of a 15-channel, constant bandwidth, Inter-
Range Instrumentation Group (IRIG), FM/FM telemetry link for recording on magnetic tape and for
display on areal-time strip chart. Calibration signals from the test vehicle are recorded minutes before
the test and also immediately afterwards. A crystal-controlled time reference signal is simultaneously
recorded with the data. Pressure-sensitive switches on the bumper of the impacting vehicle are
actuated just prior to impact by wooden dowelsto indicate the elapsed time over aknown distance to
provide a measurement of impact velocity. Theinitial contact also produces an "event" mark on the
data record to establish the exact instant of contact with the installation.

The multiplex of data channels transmitted on one radio frequency isreceived at the data acquisition
station, and demultiplexed onto separate tracks of a 28-track (IRIG) tape recorder. After the test, the
data are played back from the tape machine, filtered with SAE J211 filters, and digitized using a
microcomputer, at 2000 samples per second per channel, for analysis and evaluation of impact
performance.

All accelerometers are calibrated annually by the Society of Automotive Engineers ((SAE) J211
4.6.1) by means of an ENDEV CO 2901, precision primary vibration standard. This device, along with
its support instruments, is returned to the factory annually for aNational Institute of Standards and
Technology (NIST) traceable calibration. The subsystems of each data channel are also evaluated
annually, using instruments with current NIST traceability, and the results are factored into the accuracy
of the total data channel, per SAE J211. Calibrations and evaluationswill be made any time a data
channel is suspected of any anomalies.



The digitized data were then processed using two computer programs. DIGITIZE and
PLOTANGLE. Brief descriptions on the functions of these two computer programs are provided as
follows:

The DIGITIZE program uses digitized data from vehicle-mounted linear accel erometers to compute
occupant/compartment impact vel ocities, time of occupant/compartment impact after vehicle impact,
and the highest 10-ms average ridedown acceleration. The DIGITIZE program also calculates a
vehicle impact velocity and the change in vehicle velocity at the end of agivenimpulse period. In
addition, maximum average accelerations over 50-msintervalsin each of the three directions are
computed. For reporting purposes, the data from the vehicle-mounted accel erometers were then
filtered with a60-Hz digital filter and acceleration versus time curves for the longitudinal, lateral, and
vertical directions were plotted using acommercially available software package (Excel).

The PLOTANGLE program used the digitized data from the yaw, pitch, and roll rate transducers to
compute angular displacement in degrees at 0.0002-s intervals and then instructed a plotter to draw a
reproducible plot: yaw, pitch, and roll versustime. These displacements are in reference to the vehicle-
fixed coordinate system with theinitial position and orientation of the vehicle-fixed coordinate system
being that which existed at initial impact.

ANTHROPOMORPHIC DUMMY INSTRUMENTATION

An Alderson Research Laboratories Hybrid |1, 50th-percentile male anthropomorphic dummy,
restrained with lap and shoulder belts, was placed in the driver's position of the vehicle. The dummy
was not instrumented.

PHOTOGRAPHIC INSTRUMENTATION AND DATA PROCESSING

Photographic coverage of the test included three high-speed cameras. one overhead with afield of
view perpendicular to the ground and directly over the impact point; one placed behind the installation
at an angle; and athird placed to have afield of view paralel to and aligned with the installation at the
downstream end. A flash bulb activated by pressure-sensitive tape switches was positioned on the
impacting vehicle to indicate the instant of contact with the installation and was visible from each
camera. The filmsfrom 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 BetaCam, a VHS-format video camera and recorder, and
still cameras were used to record and document the condition of the test vehicle and installation before
and after the test.



TEST VEHICLE PROPULSION AND GUIDANCE

The test vehicle was towed into the test installation using a steel cable guidance and reverse tow
system. A steel cable for guiding the test vehicle was tensioned aong the path, anchored at each end,
and threaded through an attachment to the front wheel of the test vehicle. An additional steel cable was
connected to the test vehicle, passed around a pulley near the impact point, through a pulley on the tow
vehicle, and then anchored to the ground such that the tow vehicle moved away from the test site. A 2-
to-1 speed ratio between the test and tow vehicle existed with this system. Just prior to impact with the
installation, the test vehicle was released 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 which time brakes on the vehicle were activated to bring it to a safe and controlled stop.



APPENDIX B. TEST VEHICLE PROPERTIES AND INFORMATION
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Figure 11. Vehicle propertiesfor test 404531-1.



Table 3. Exterior crush measurements for test 404531-1.

VEHICLE CRUSH MEASUREMENT SHEET?

Complete When Applicable

End Damage Side Damage
Undeformed end width Bowing: Bl X1
Corner shift: Al B2 X2

A2
End shift at frame (CDC)
(check one)
< 4inches
$ 4 inches

Bowing constant

X1 % X2
2

Note: Measure C1 to C6 from Driver to Passenger sidein Front or Rear impacts—

Rear to Front in Side impacts.

- Direct Damage
mzcallcltc Plane* of width** [ Macxs | maa| & @ | S| @ S| S| P
Number C-Measurements (CDC) Crush L**
1 Top front bumper 600 150 520 0 10 25 25 90 | 150 +470
2 Above front wheel well 600 190 | 1200 0] 40 80 12 | 16 | 190 | +1040
0 0

Table taken from National Accident Sampling System (NASS).

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

Free space value is defined as the distance between the baseline and the original body contour taken at the

individual C locations. This may include the following: bumper lead, bumper taper, side protrusion, side taper, etc.

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

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

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

Note: Use as many lines/columns as necessary to describe each damage profile.




Table 4. Occupant compartment measurements for test 404531-1.
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Figure 12. Sequentia photographs for test 404531-1
(overhead and fronta views).
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Figure 12. Sequentia photographs for test 404531-1
(overhead and frontal views) (continued).
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Figure 13. Sequentia photographs for test 404531-1
(rear view).
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Figure 14. Vehicular angular displacements for test 404531-1.
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Crash Test 404531-1
Accelerometer at center of gravity

Test Article:  New York Two-Rail Bridge Rail

Test Vehicle: 1993 Ford Festiva

Test Inertial Weight: 820 kg

Gross Static Weight: 896 kg

Impact Speed: 99.9 km/h

Impact Angle: 19.1 degrees - 1.2 m upstream from post 4
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Figure 15. Vehiclelongitudina accelerometer trace for test 404531-1

(accelerometer located at center of gravity).
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Lateral acceleration (g's)

- Crash Test 404531-1
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Figure 16. Vehicle latera accelerometer trace for test 404531-1

(accelerometer located at center of gravity).
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Crash Test 404531-1
Accelerometer at center of gravity

Test Article:
Test Vehicle:
Test Inertial W

Gross Static Weight:

Impact Speed:
Impact Angle:

New York Two-Rail Bridge Rail
1993 Ford Festiva

eight: 820 kg

99.9 km/h

19.1 degrees - 1.2 m upstream from post 4

896 kg

0.0

0.1

0.3 0.4 0.5 0.6

Time after impact (s)

0.7

Figure 17. Vehicle vertical accelerometer trace for test 404531-1

(accelerometer located at center of gravity).
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Crash Test 404531-1
Accelerometer over rear axle

Test Article: New York Two-Rail Bridge Rail
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Figure 18. Vehiclelongitudina accelerometer trace for test 404531-1
(accelerometer located over rear axle).
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Figure 19. Vehicle latera accelerometer trace for test 404531-1

(accelerometer located over rear axle).
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Figure 20. Vehiclelongitudina accelerometer trace for test 404531-1
(accelerometer located on top surface of instrument pand).
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Figure 21. Vehicle latera accelerometer trace for test 404531-1
(accelerometer located on right front brake caiper).
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Figure 22. Vehiclelongitudina accelerometer trace for test 404531-1

1.0



Longitudinal acceleration (g's)
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Figure 23. Vehiclelongitudina accelerometer trace for test 404531-1

(accelerometer located on top of engine block).
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Figure 24. Vehiclelongitudina accelerometer trace for test 404531-1
(accelerometer located on bottom of engine block).
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Figure 25. Bridgerailing longitudina accelerometer trace for test 404531-1

(accelerometer located over bridgerailing at post 4).
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Test Inertial Weight: 820 kg
Gross Static Weight: 896 kg
Impact Speed: 99.9 km/h
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Figure 26. Bridgerailing latera accelerometer trace for test 404531-1

(accelerometer located over bridgerailing at post 4).
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