COMPLIANCE CRASH TESTING OF THE
TYPE 60K CONCRETE BARRIER USED IN

SEMI-PERMANENT INSTALLATIONS
FINAL REPORT # FHWA/CA/TL-2001/08
CALTRANSSTUDY #F99TL36







STATE OF CALIFORNIA
DEPARTMENT OF TRANSPORTATION

DIVISON OF NEW TECHNOLOGY,
MATERIALS AND RESEARCH

COMPLIANCE CRASH TESTING
OF THE TYPE 60K CONCRETE
BARRIER USED IN SEMI-
PERMANENT INSTALLATIONS

SUPEIVISEA DY ... Phil Stolarski, P.E.
Principal INVESIIGator .........cooeieiirineree e Rich Peter, P.E.
Report Prepared DY...........ccooevvieeiice e John Jewell, P.E.
Research Performed by .........cccceevvevenen. Roadsde Safety Technology Section

RICH PETER, P.E.
Senior Materias and Research Engineer

DANIEL SPEER, Chief
Officeof Structurd Materids Branch

PHIL STOLARSKI, Deputy Division Chief
Enginesring Services,
Materia Engineering and Testing Services






1 REPORT NO. 2. GOVERNMENT ACCESSION NO. 3. RECIPIENT'SCATALOG NO.

4. TITLE AND SUBTITLE 5. REPORT DATE

COMPLIANCE CRASH TESTING OF THE TYPE 60K CONCRETE August 9, 2001
BARRIER USED IN SEMI-PERMANENT INSTALLATIONS 5 PERFORMING ORGANIZATION CODE

7. AUTHOR(S) 8. PERFORMING ORGANIZATION REPORT NO.
John Jewell, Rich Peter 65-680841

9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. WORK UNIT NO.

Office of Materials Engineering and Testing Services
California Department of Transportation

5900 Folsom Blvd., 11. CONTRACT OR GRANT NO.
Sacramento, CA. 95819 FO9TL 36

12. SPONSORING AGENCY NAME AND ADDRESS 13. TYPE OF REPORT & PERIOD COVERED
California Department of Transportation Fin a|
5900 Folsom Blvd.,

Sacramento CA. 95819

14. SPONSORING AGENCY CODE

15. SUPPLEMENTARY NOTES

This project was performed in cooperation with the US Department of Transportation, Federal Highway Admi nistration, under the
research project titled “COMPLIANCE CRASH TESTING OF THE TY PE 60K CONCRETE BARRIER USED IN SEMI-
PERMANENT INSTALLATIONS'.

16. ABSTRACT

Three segmented, concrete barriers were built and crash tested in compliance with NCHRP Report 350. Each barrier was
designed to match the single-slope profile of the California Type 60 median barrier. Of the three designs tested, only the third meets
the NCHRP 350 guidelines.

The first and second designs (designated 60K-v1 and 60K-v2) consisted of 3.138-m long concrete segments joined by pin-and-
loop connections. Each of these designs exhibited a high potential for snagging between segments as demonstrated in their
respective crash tests.

The third design (designated 60K-v3), consisting of 4-mlong segments with pin-and-plate connections, demonstrated smooth
redirection with minimal snagging potential. This design was tested with one 2000-kg pickup and two 820-kg cars.

Design 60K-v3 isrecommended for operational use as a semi -permanent barrier.

17. KEY WORDS 18. DISTRIBUTION STATEMENT

60K, K-rail, Barriers, Crash Test, Single-slope, Concrete, No Restrictions. This document is available through the
Vehicle Impact Test, Construction, Semi -permanent National Technical Information Service, Springfield, VA 22161
19. SECURITY CLASSIF. (OF THISREPORT) 20. SECURITY CLASSIF. (OF THISPAGE) 21, NO.OF PAGES 22 PRICE

Unclassified Unclassified 83




NOTICE

The contents of this report reflect the views of Materids Engineering and Tegting Services,
which is responsible for the facts and the accuracy of the data presented herein.  The contents do
not necessxily reflect the officid views or policies of the State of Cdifornia or the Federd
Highway Adminigtration. This report does not condtitute a standard specification or regulation.

Neither the State of California nor the United States Government endorses products or
manufacturers.  Trade or manufacturers names appear herein only because they are consdered
essentia to the object of this document.



Metric () to English System of Measurement

S| CONVERSION FACTORS

To Convert From To Multiply By
ACCELERATION
m/s? ft/s? 3.281
AREA
m?2 ft2 10.76
ENERGY
Joule (J) ft.Iby 0.7376
FORCE
Newton (N) [o 0.2248
LENGTH
m ft 3.281
m in 39.37
cm in 0.3937
mm in 0.03937
MASS
kg lbm 2.205
PRESSURE OR STRESS
kPa psi 0.1450
VELOCITY
km/h mph 0.6214
m/s ft/s 3.281
km/h ft/s

0.9113
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1. INTRODUCTION (continued)

1. INTRODUCTION

1.1. Problem

The Federd Highway Adminigration (FHWA) has edablished a number of deedlines by
which roadsde safety features used on the Nationa Highway System will have to comply with
the crash teding criteria embodied in the Nationd Cooperative Highway Research Program
(NCHRP) Report 350Y. Two deadlines are applicable to the use of portable barriers.  Such
barriers ingdled in work zones on a temporary basis on or after October 1, 2002 must meet the
Report 350 criteria Similarly, portable barier used in permanent or semi-permanent
ingtdlations must meet the Report 350 criteriaif ingtaled on or after October 1, 1998.

Didrict 2 had a need for portable semi-permanent median barrier and unaware of the
FHWA requirements for compliance with NCHRP Report 350 criteria, the district designed such
a barier and had it built without first ensuring that it met the criteria  This barrier, the Type
60K, was placed in two separate configurations, one with a Portland cement concrete (PCC)
foundation and another with an asphdt concrete (AC) base. The FHWA may withhold federd
funding on highway condruction projects utilizing roaddde safety features that do not comply
with the Adminigtration’s requirements to meet NCHRP Report 350 criteria.  However, FHWA
representatives have been working with Cdtrans to avoid this Studtion. Cdtrans dtaff have
dated ther intent to conduct the necessary crash testing of the Type 60K barrier as soon as
practicable to demondrate compliance with the applicable criteria  Following successful testing
and FHWA acceptance, the Type 60K could continue to be used in Didrict 2 and installed
anywhere ese it is needed on the state highway system.

1.2. Objective

It was the objective of this research project to conduct compliance testing of the Type 60K
portable semi-permanent barrier to determine whether it meets NCHRP Report 350 criteria
Since Didrict 2 developed two configurations for placement of the Type 60K barrier for semi-
permanent gpplications, two sats of crash tests were necessary. In the event of a falure of one or
both of these configurations to meet the Report 350 criteria, provisions were made to modify the

designs and re-test the barrier to verify compliance.



1. INTRODUCTION (continued)

1.3. Background

In February 1998, the FHWA issued a letter of acceptance for the Type 60 concrete median
barrier (CMB), a sngle-dope desgn developed by Cdtrans. The Type 60 is a dip-formed
longitudind barrier that has replaced the older Type 50 CMB as a standard barrier on Cdifornia
highways. A Didrict 2 project on Intersate 5 near Dunsmuir, Cdifornia included over 10 km of
Type 60 CMB. Severad sections of this median barrier were redesigned as portable segments
(the Type 60K) so0 these sections could be temporarily removed for traffic control purposes if
conditions so warranted.

The design of the Type 60K barrier shares some of the features of the standard Cdifornia
K—al. Both are ssgmented to alow removd, have lifting holes and scuppers for postioning,
and use pin and loop connections between the segments. Both designs are 610 mm wide a the
base, but a 3138 mm, the Type 60K segments are one-hdf the length of the dandard K-ral
segments.

The Type 60K has a dngle-dope profile (9.1 degrees from the verticd) while the K-rall
incorporates the Type 50 CMB (“safety-shape’) profile. There are dso ggnificant differences in
the manner in which the two desgns are restrained from laterd movement. For semi-permanent
goplications, K-rall is staked to the ground with four 1-m long stakes though the vertical holes
aong each face. The 60K is staked down in one of two ways.

1) The segments placed on AC use 32-mm diameter, 1330-mm long pins in the pin-and-loop
connections, with each pin being driven into the ground gpproximately 150 mm.

2) The segments placed on a concrete base use the same 32-mm x 1330-mm pins in the pin-
and-loop connections described above. However, ingead of being driven into the ground,
the pins drop into 50-mm diameter deeves that are cast into the concrete base. In
addition, the concrete base features a 30-mm deep trough in which the segments are
placed.



1. INTRODUCTION (continued)

Both of these methods for redtraining the 60K barrier are currently used in Didrict 2.
Method 1 is the less expensive of the two, but method 2 offers more laterd restraint than method
1. The Type 60K barier had not been crash tested in ether of the specified redraint
configuraions prior to ingdlation.

1.4. Literature Search

A seach for information about condruction barier and semi-permanent barrier was
conducted using three separate sources. The first source was Charles McDevitt, with the Federd
Highway Adminigration's (FHWA) Desgn Concepts Research Divison in McLean, Virginia
The second source was the database of reports held by the Roadsde Safety Technology Branch
within Cdtrans Materids Engineering and Tedting Services. The third location was the Cdtrans
Library within Catrans Headquarters (The Cdtrans library adso ran searches into the NTIS,
Compendex and TRIS databases.)

Each of the sources produced information on design history. Conversations with the FHWA
daff reveded current research direction within the United States.
15. Scope

A totd of sx tests were peformed and evaluated in accordance with NCHRP Report 350.
The testing matrix established for this project isshown in Table 1-1.

Table 1-1 - Target Impact Conditions

Test Mass of Test Speed Angle

Number Barrier Type Vehide (kmvh) (deg)
(kg)

562 60K on PCC (60K-v1) 2000 100 25

564 60K on AC (60K-v2) 2000 100 25

565 60K-v3 2000 100 25

566 60K-v3 820 100 20

567" 60K-v3 820 100 20

' Test 567 was aretest of test 566.




2. TECHNICAL DISCUSSION (continued)

2. TECHNICAL DISCUSSION
2.1. Test Conditions - Crash Tests
2.1.1. Test Facilities

Each of the crash tests was conducted a the Catrans Dynamic Test Facility in West
Sacramento, Cdifornia  The test area is a large, flat, agphdt concrete surface.  There were no
obstructions nearby except for a 2 mhigh earth berm 40 meters downstream from the barrier in
tests 562 and 564.

2.1.2. Test Barrier

2121, Design

The primary design considerations for the development of a semi-permanent barrier were:
1) Compliance with NCHRP Report 350 TL-3.

2) Minimum laterd movement during impect.

3) Ease of inddlation and remova.

Two designs were developed prior to the initiation of this research project. The third design
was developed in response to the results of the crash tests of the firg two designs.  All three
designs were based on a single-dope profile, contained reinforcing stedd and used pin-and-loop
or pin-and-plate connectors to hold the precast segments together.

Desgn1-60K-v1

The design for the 60K -v1 is shown in Figure 6-20, located in the Appendix.

The first design (designated 60K-v1) consisted of concrete barrier segments 3138-mm long
and 910-mm tdl inddled on a PCC footing. The barrier profile was desgned to match the Type
60 median barrier (1999 Cdifornia Standard Plan A76A). The face of the barrier was doped at
9.1° off the verticd and each segment was 610-mm wide at the base. The purpose of the footing
wasto minize the latera deflection.



2. TECHNICAL DISCUSSION (continued)

Segments were designed with pin-and-loop connections.  For ease of indalation, the loops
were designed to be larger a one end of each barrier segment than at the other. The loops on one
end had a 22-mm radius and the loops on the other end had a 50-mm radius.

The PPC base featured a 30-mm deep trough into which the 60k segments were placed. The
trough was desgned to limit the laterd deflection to +/-30 mm. The edges of the trough were
reinforced with 50-mm angle iron. The base dso featured Sed-deeved holes, 50-mm in
diameter and 150-mm deep, a 3138-mm intervas down the center of the base. The barier
segments were Stuated such that each pin connecting two segments aso extended down into the
steel-deeved holesin the PCC base.

The test barrier included a PCC base long enough to support sixteen segments of 60K
barrier. These segments were placed in the trough in the base and connected with fifteen pins.
An extra pin was placed in the loops and base holes on each of the outsde ends of the first and
last segments.

Desgn 2—- 60K-v2
The design for the 60K-v2 is shown in Figure 6- 20, located in the Appendix.

The 60K on AC was a modification of the first design (60k-v1). The barrier segments were
pinned together usng a single 32-mm pin a each joint. In order to limit the barrier deflection
during vehicular impacts, the pins were designed to penetrate the agphdt concrete by 150 mm.

The test design condsted of placing and connecting Sixteen segments of the Type 60K-v1,2
on an AC surface. The design did not dlow for the segments to be pulled tight to take up dack

in the pin-and loop connectors.
Desgn 3—60K-v3
The desgn for the 60K-v3 is shown in Figure 6-21 through Figure 25, located in the

Appendix.

After looking a the crash tesing results from the fird two desgns, a third design was
developed. This desgn was longer, used a two-pin connection a each joint, and festured a
tighter joint connection using stedl plates instead of loops.



2. TECHNICAL DISCUSSION (continued)

The 60k-v3 segments were increased in length to 4 meters, corresponding closely to the
weight of a sngle segment of congruction barrier currently used in Cdifornia (a New Jersey
profile precast barrier with 6096-mm ssgments, aso known as K-rall (See Cdtrans 1999
Standard Plan T3)).

The ssgments were designed with only one scupper. The dimination of the center support,
standard on kral and incorporated in Designs 1 and 2, would help to minimize the chance that a
segment @uld high-center on a section of pavement. This would also hep to make the segments
more resistant to rotation about their centers, increasing the barrier’ s rotationd stiffness.

When placing the 60K-v3 barrier for testing, the segments were not pulled tight to take up
dack in the pin-and loop connections. Additiondly, there was no pogtive connection to the
pavement.

2.1.3. Congruction
2.1.4. 60K -v1

Eighteen of the 3.138-m long Type 60K-v1 segments were fabricated at a precast plant and
shipped to the Cdtrans Dynamic Test Facility. A concrete footing was placed according to
desgn detals a the end of this report. A hole was cut in the AC paving to dlow for the
placement of the 230-mm deep, 1010-mm wide PCC footing. Concrete and reinforcing stedl
were placed and sted deeves were inserted at the proper intervals to alow the connecting pins to
engage the footing.

Sixteen segments were used in the congruction of the 60K-v1 barrier. The segments were
placed on the footing after the concrete had cured for & least 28 days. The connecting pins used
to join the individud segments were placed as the individua segments were podtioned. The
total length of the barrier was 50.2 m.

2.15. 60K -v2

The segments from the firs verson were interchangesble with the Type 60K-v2. Sixteen
segments were placed on a 50-mm AC pad and joined together with one connecting pin a each
joint. The tips of the connecting pins were then pounded through the AC until the bottoms of the
pinheads were flush with the top loops of the 60K-v2 ssgments. The connecting pins used to



2. TECHNICAL DISCUSSION (continued)

join the individua segments were placed as the individua segments were postioned. The totd
length of the barrier was 50.2 m.

2.1.6. 60K -v3

Thirteen of the 4m long 60K-v3 segments were fabricated at a precast plant and shipped to
the Cdtrans Dynamic Test Facility. The segments were placed on a 50-mm AC pad and joined
together with two connecting pins a each joint. Due to the tight tolerance a the joints,
connecting the Type 60K-v3 segments together did require a little more effort than connection of
the Type 60K-v1l or v2 segments . The connecting pins used to join the individua segments
were placed as the segments were postioned. Twelve segments were used in the congruction of
the 60K -v3 test barrier. Thetota length of the barrier was 48.0 m.

2.1.7. Test Vehicles

The test vehicles complied with NCHRP Report 350 criteria  For al of the tests the
vehicles were in good condition, free of mgor body damage and were not missng dructurd
pats. All of the vehides had standard equipment and front-mounted engines (see Table 6-1
through Table 6-5). The vehice inetid masses were within recommended limits (see Table
2-1).

Table 2-1 - Tes Vehicle Information

Test No. Vehide B(igf Te”‘(i'(g?“d
562 1990 Chevrolet 2500 0 1962
564 1988 Chevrolet 2500 0 2018
565 1996 Chevrolet 2500 0 2186
566 1993 Geo Metro 0 816.5
567 1994 Geo Metro 0 837

" Higher quality control during the manufacture of the segments and chamfering the tips on the pins could increase
the speed and efficiency of placing the 60K-v3 segnents.



2. TECHNICAL DISCUSSION (continued)

The pickups were sdlf-powered; A speed-control device limited acceleration once the impact
gpeed had been reached. The smal cars were connected by a sted cable to a tow vehicle and
towed to impact speed. Remote braking was possble a any time during the test through a
tetherline connected to the rear of each vehicde. The vehicles were teered by a guide am
connecting a front whed to a guidance rail that was fixed to the ground. A short distance before
the point of impact, each vehicle was released from the guidance ral and the ignition was turned
off (for the Geo, the tow cable was released from the undercarriage). A detailed description of
the tet vehicle equipment and guidance systems is contained in Sections 6.1 and 6.2 of the

Appendix.
2.1.5. Data Acquisition System

Each test was documented through the use of ill cameras, video cameras, high-speed film

cameras, and transent data recorders.

The impact phase of each crash test was recorded with seven high-speed, 16-mm movie
cameras, one norma-speed 16-mm movie camera, one Beta format video camera, two 35-mm
dill cameras with and one 35-mm sequence camera.  The test vehicles and the barrier were
photographed before and after impact with a norma-speed 16-mm movie camera, a Beta format
video camera and a color 35-mm camera. A film report of this project was assembled using

edited portions of the film coverage.

Each test vehicle included two sets of orthogona accelerometers mounted a the center of
gravity. An additiond st of orthogona acceerometers was mounted 600 mm behind the center
of gravity in the small car tests. Rate gyro transducers were aso placed at the centers of gravity
to measure the rates of roll, pitch and yaw. The data were used in caculating the occupant
impact velocities, ridedown accderations, and maximum vehicle rotation.

An anthropomorphic dummy was used in 820-kg vehide tests to obtain dummy motion data,
but was not instrumented. The dummy, a Hybrid Il built to conform to Federal Motor Vehicle
Safety Standards by the Humanoid Systems Divison, Humanetics, Inc., sSmulated a 50th
percentile American made weghing 75 kg. The dummy was placed in the passenger’s seat and
was restrained with alap and shoulder belt.



2. TECHNICAL DISCUSSION (continued)

A digital transent data recorder (TDR), Pecific Instruments model 5600, was used to record
electronic data during the tests. The digital data were analyzed using a desktop computer.

2.2. Test Results - Crash Tests

A film report with edited footage from dal tests has been compiled and is avalable for
viewing.

2.2.1. Impact Description - Test 562

The vehicle impact speed and angle were 99.7 kph and 25.8 degrees, respectively. Impact
occurred 100 mm upstream of the joint 89 (i.e, the joint between segments 8 and 9). The front
right corner of the pickup was crushed as it did dong segments 8 and 9, forcing the vehicle to
dign pardld to the barrier. There was moderate snegging on the leading edge of segment 9.

While in contact with segment 9, the pickup's front rose about 400 mm and the vehicle
rolled to the right. The hood of the vehicle crossed over the top of the barrier, extending 300 mm
beyond the face. At 0.25 seconds after impact, the vehicle was pardld to segment 9. As the
vehicle approached segment 10, the upper face of segment 9 rotated 150 mm behind the upper
face of ssgment 10. This alowed the vehicle to heavily snag the opening at joint 9-10.

As the vehicle reached the front of ssgment 11, it became pardld to the ground. The
vehicle rose to a maximum heght of 1.5 m between ssgments 11 and 12. When the vehicle
made contact with the ground, it pitched forward and rolled dightly to the right. Contact with
the ground occurred 0.75 seconds after impact when the vehicle was adjacent to segment 14.
The impact redirected the vehicle, forcing its rear away from the barrier.

When the vehicle garted tracking again, it was pointed back toward the barrier. However,
because the barrier ended 25 m downstream of impact, the vehicle was directed behind the
barrier.

2.2.2. Vehicle Damage- Test 562

Mogt of the damage to the vehicle was on the front hdf of the right Sde Fgure 2-1). The
right third of the bumper was pushed back into the front right whed wdl. The front tire was



2. TECHNICAL DISCUSSION (continued)

torn, but ill on the rim. The whed was pushed back about 450 mm. The right door was
severdy jammed and its sheet metal covering was ripped dong its lower third (Figure 2-2).

The back hdf of the vehicle also recaeived some damage. The portion of the bed separating
the rear tire and the cab was crushed and rippled. The rear right tire was blown and the rim was
bent. Thewhed did not sustain any permanent longitudina displacement.

The floor deformation at the center of the front passenger sde of the vehicle was about 115
mm. At the firewal, the maximum floor deformation was 135 mm.

S il B
" i

Figure 2-1 — Test 562. Overdl damage to the vehicle
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2. TECHNICAL DISCUSSION (continued)

Figure 2-2 — Test 562. Damage to the vehicle door

2.23. Barrier Damage- Test 562

The barier did not have any dgnificant permanent deflection and appeared, a first glance,
to be in good condition after the impact. After closer examination, however, it was noted that the
backsde of each of the segments that shifted was spdled dong the bottom edge. The sted angle
that lined the sdes of the trough was littered with concrete that had been cut by the angle. The
leading edges of two of the segments sustained minor spaling. Two of the connecting pins were
bent enough that they had to be cut before the barrier could be disassembled.

Figure 2-3 shows the spdled concrete at the base of segment 8, one joint upstream of
impact. The sted angle lining the sdes of the trough acted to cut the barrier dong the backsde
of the segments that were laterally deflected.

11



2. TECHNICAL DISCUSSION (continued)

Figure 2-3 — Test 562. Segment 8 at Joint 7-8

[llugrating the snagging potentid of the Type 60K-v1, Figure 2-4 shows the scuff marks on
the end face of segment 10 where the vehicle penetrated the barrier face.

Eo el

Figure 2-4 - Test 562. Segments 9 and 10

12



2. TECHNICAL DISCUSSION (continued)

t=1.022

Genera Information:
Test Agency ----------
Test Number ----------

Installation Length---
Description------------

Test Vehicle:

Fgure 2-5 - Test 562 Data Summary Sheet

CdiforniaDOT
562
February 17, 1999

Type 60K-v1

50.2m

16 segments of 60K
barrier, on a concrete
base pinned with 32—mm
connecting pins

1990 Chevy 2500 PU
19625kg

t=1.534

Test Dummy:

Type:------mmmmmmmeeeeeeees NA

Weight / Restraint ----- NA

Position ------------------- NA
Vehicle Exterior:

VDS -oreeeremmransesnens RD-6, FR-5, RFQ-5

CDC? -+osesesemsasacacass 02RYEWS
VehicleInterior:

O.CD.l.-wrmseesmeseeneans RF0011000
Barrier Damage: ---------+ There was no damage

to the concrete trough. Severd of the
segments spalled dong the bottom edges.

Occupant Risk Values Longitudinal | Lateral
Occupant Impact Velocity 50 n/s 6.6 m/s
Ridedown Acceleration 173 g 191 g

13




2. TECHNICAL DISCUSSION (continued)

224, I mpact Description - Test 564

The vehicle impact speed and angle were 99.2 kph and 25 degrees respectively. The vehicle
remained upright and relaively under control. The test was characterized by moderate laterd
deflections with multiple snag points developing.

The impact occurred 1 meter upstream of the joint between segments 8 and 9. The upper
face of segment 8 rotated back 100 mm before the front of the vehicle reached segment 9,
causng the front right fender pand to snag on the leading edge of segment 9 and causng the
front right tire to blow. As the vehicle continued to push on segment 9, the barrier moved
laerdly to theright. Joint 8-9 did back 720 mm.

As the front of the vehicle approached segment 10, joint 910 started to open and the vehicle
darted to yaw to the left. When the front of the vehicle reached joint 910 the vehicle snagged a
second time, penetrating the joint by 160 mm. As the front of the vehicle met joint 10-11, the
rear of the vehicle did into segment 9, forcing the yaw to stop.

When the rear of the vehicle reached joint 910, severd events occurred. The back bumper
and frame snagged the joint. The rear end kicked up and away from the barrier. The drive shaft
pulled out of the transmisson. The speed and angle of the vehicle as it lost contact with the
barrier were about 73 kph and 10 degrees, respectively.

The vehicle continued to yaw heavily to the right as it lost contact with the barrier.  When
the vehide made full contact with the ground again, it was facing the barier. The vehide
continued to yaw to the right until it had turned 180 degrees. The vehicle then rolled backward
until coming to a stop.

The system used for the collection of onboard acceleration data failed during test 564.

14



2. TECHNICAL DISCUSSION (continued)

2.2.5. Vehicle Damage - Test 564

Vehicle damage was extensve. The right front whed, hub and spindle assemblies were
sheared from the suspension. The right Aarm was bent back and twisted. The right sde of the
front bumper was pushed back approximatey 510 mm (see Figure 2-6). The right front fender
and inner fender were pushed in and back againg the engine.  The right frame rall was bent into
the engine and the engine was tilted up on the right Sde. The radiator, transmisson cooler,
battery box and battery received extensve damage.

Transmisson oil, coolant and battery acid lesked out of the vehicle. The right sde of the
hood received minor damage and the windshield was fractured on the right sde. The right door
was pushed back into its frame. The right door buckled outward gpproximatey 140 mm,
jamming the door closed and breaking the door glass.

The right rear of the vehicle dso recaived extensve damage (see Fgure 2-7). The right Sde
of the bed was dented the full length and the whole bed was shifted to the left on the frame. The
rear axle broke loose from the suspenson, and was pushed back approximately 600 mm. The
axle housing bent and the differentid housing broke. Both of the right Sde tires were fla and
ruptured with extensive damage to both whedls.

The left rer Sde of the vehicle recelved minor damage. The tailgate and left door were

operationd.

The passenger compartment received extensve damege, especidly to the right sde. The
dash was pushed back 100 mm. The sheet metal in the floor was torn and the floor pan was
buckled up and folded over in multiple places. The left Sde of the floor received minor rippling
and bending. The floor deformation a the center of the front passenger sde of the vehicle was
about 100 mm, with about 65 mm &t the firewall.

15



2. TECHNICAL DISCUSSION (continued)

Figure 2-6 — Test 564. Damage to the front of the vehicle

Figure 2-7 — Test 564. Damage to the Sde of the vehicle

16



2. TECHNICAL DISCUSSION (continued)

2.2.6. Barrier Damage- Test 564

11 10 H = 7

£ p MG o

-10 g .35 230 I35 F25 GED

Test 564
Deflections at Sadment Corners, mim

297 impact

Figure 2-8 — Test 564. Barrier deflections

Damage to the barrier was limited to barrier deflection, two of the connection pins being
pulled out of the pavement, and some minor concrete spaling. The maximum, permanent barrier
deflection was 725 mm at the joint between segments 8 and 9 (see Fgure 2-8). The barrier
deflections led to the pins a joints 8-9 and 9-10 being pulled out of the pavement. Concrete
gpdling was limited to the leading edges of segments 8 and 10 where the vehicle snagged the
barrier. All of the barrier segments were reusable.
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2. TECHNICAL DISCUSSION (continued)

. o x 5 J

Figure 2-10 — Test 564. Snag at joint 9-10

;
HO
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2. TECHNICAL DISCUSSION (continued)

Figure 2-11 - Test 564 Data Summary Sheet

General Information:
Test Agency ---------
Test Number ----------

Installation Length---
Description:-----------

Test Vehicle:

Angle -----osomomononoee

50.2m

16 segments of 60K
barrier, pinned with 32—
mm pins pounded 150
mm into the AC.

1988 Chevy 2500 PU
20180kg

Test Dummy:

Type:-------mmmmmeemnneees NA

Weight / Restraint ----- NA

Position ------------------- Front Right
Vehicle Exterior:

VDS ooreeereneseenanenen: FR-6, RD-6, RFQ-5

CDE2 -emremersressnesneens 02RFEWS
VehicleInterior:

OCDI -+s-seaeseasanenses RF1012110
Barrier Damage; ------=------ Minor concrete

spaling, moderate lateral displacement, and
bent connecting pins.

Occupant Risk Values Longitudinal | Lateral
Occupant |mpact Velocity NA NA
Ridedown Acceleration NA NA
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2. TECHNICAL DISCUSSION (continued)

2217. I mpact Description - Test 565

The vehicle impact speed and angle were 98.7 kph and 25 degrees, respectivey. The
vehicle remained upright and dable. There were moderate laterd deflections of the barrier, with
minima snag points developing. The vehicle made contact with three barrier ssgments.

The impact occurred a joint 6 7. The barrier was pushed back 650 to 750 mm as the vehicle
did dong the barier face. As the front of the vehicle reached the midpoint of segment 7, the
hood rode over the top of the barrier, extending 360 mm past the barrier face.

As the front of the vehicle reached the end of segment 7, the front wheds darted to lift off
the ground. The rear wheds lifted off the ground as the back end made contact with the center of
segment 7. The rear right whed separated from the vehicle as it made contact with the barrier.
The vehide rose to amaximum of 540 mm off the ground, but remained level.

The vehicle was completdy redirected while in contact with segment 8. The maximum
opening in the face & joint 78 did not exceed 25 mm. However, there was minima spdling of
segment 8 as the front of the vehicle reach joint #8. The front right tire made contact with the
ground as the vehicle approached segment 10. The exit speed and angle were 80 kph and 10

degrees, respectively.
2.2.8. Vehicle Damage - Test 565

Mogt of the damage to the vehicle was confined to the front right corner, with additiond
damage dong the impacting gde of the vehicle (see Figure 2-12 and Fgure 2-13). The front
right tire was torn, but ill on the vehicle. The corner pand and the far right Sde of the bumper
were crushed. The tie-rod was severdy bent. The hood was partly raised, but ill latched.
There were scuffmarks dong the rear right sde of the vehicle. The right rear whed separated at
the seam, dlowing the tire and rim to detach from the vehicle. The engine was gill functiond.

The occupant compartment sustained some minor crumpling on the right sde floorboard
measuring 25 mm a the center of the passenger sde and 110 mm at the firewal. The right door
was jammed closed. The windshield was not cracked.
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2. TECHNICAL DISCUSSION (continued)
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Figure 2-13 — Test 565. Damage to the back right of the vehicle
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2. TECHNICAL DISCUSSION (continued)

2.2.9. Barrier Damage- Test 565

The barrier shifted amaximum of 750 mm at the impacted joint during impact.

=) 2 7 & 5
= G T . _ _ o ——mr————
f0 40 4 A0 st * 570 FEORA TS0 160 44 145 04
Test 565
Defections at Segrnent Corners, mim 257 irnpact

Figure 2-14 — Test 565. Barrier deflections

Damage to the barier was limited to shifted segments, minor concrete spdling, bent
connecting pins, and scuffing of the concrete face Out of the 12 ssgments making up this
barrier, only segments 1, 2, and 12 did not move. Segments 5,6,7,8, and 9 had measurable latera
deflections. The spaling concrete occurred at joint 67 where the concrete is the thinnest. The
connecting pins nearest the impact were bent, six of which had to be cut. All of the barrier

segments were reusable.
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2. TECHNICAL DISCUSSION (continued)

Figure 2-16 — Test 565. Tire marks
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2. TECHNICAL DISCUSSION (continued)

Figure 2-17 - Test 565 Data Summary Sheet

t = 0.000 t=0.140 t=0.280 t=0.419

t =0.559 t=0.699 t=0.839 t=0.978
Genera Information: Test Dummy:
Test Agency ---------- CaliforniaDOT Type:-------------smmmoees NA
Test Number --------- 565 Weight / Restraint ----- NA
Test Date------------=- August 19, 2000 Position------------------- NA
Test Article: Vehicle Exterior:
Name ----=s=xssrsseaees Type 60K-v3 VDS --eerrmrrenesneaes FR-3, RF-2, RFQ-2
Installation Length--- 480m CDCH -oeeemaemeseracnnnes 02RFEW4
Descriptiorn:------------ twelve 4.00-m segments Vehicle Interior:
pinned together on AC O.CD.l. ---rmmmrmemneenees RF0010000
Test Vehicle: Barrier Damage: ------------- Minor concrete spalling,
Model -------=rmrmeeee 1996 Chevy 2500 moderate lateral displacement, and bent connecting
Inertial Mass---------- 2186 kg pins.
Impact Conditions:
Velocity-------------=--- 98.7 km/h Occupant Risk Values Longitudinal | Lateral
Lk 25° Occupant Impact Velocity 43 m/s | 58 mis
Exit Conditions: Ridedown Acceleration 569 [-122 g
Velogity -=----------eeee 80 km/h
Angle ----smmmmmmeneneees 10 degrees
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2. TECHNICAL DISCUSSION (continued)

2.2.10. Impact Description - Test 566

The vehicle impact speed and angle were 99.8 kph and 18 degrees, receptively. Due to a
problem with the guidance system, the vehicle was forced into a dight leftward turn.  The
leftward turn resulted in a smdler impact angle than was intended. The vehicde missed the
impact point by 0.65 m, and induced a dight roll to the right just before impact. The vehicle
remained upright and sable. The test condsted of low laterd barier deflections and no snag
points developing. The vehicle made contact with only one barrier segment.

Impact occurred 535 mm downgream of joint 7-8. The vehicle started to yaw to the left
during the initid contact with the barrier. As the front of the vehicle gpproached segment 9, it
lifted off the ground and the rear of the vehicle made contact with ssgment 8. The vehicle
mantaned diding contact with ssgment 8 while the rear wheds logt contact with the ground.
The vehicle levdled off a an dtitude of 0.3 m as the front of the vehicle reached the midpoint of
segment 9. At that point, it lost contact with the barrier completely.

The exit speed and angle were 96 kph and 11 degrees, respectively. About 15 degrees of
roll had occurred before the vehicle made contact with the pavement. The vehicle then tracked

correctly until coming to arest.

The maximum 10-ms lateral accderation was -21.7g. This figure was inecplicably high, and
didnt correlate with the vehicle damage (Section 2.2.11) or any observed impact phenomena

No instrumentation, data storage, or processing errors were discovered.

2.2.11. Vehicle Damage - Test 566

Mog of the vehicle damage was limited to the front right corner of the vehicle. The corner
pand was crushed and the hood had been buckled. The front right whed was turned inward.
The gteering mechanism was damaged but the steering whed could dill turn the wheds. The tire
was dill inflated. The hubcap was missing from the front right whed.
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2. TECHNICAL DISCUSSION (continued)

The rear right fender pand aso received some minor damage. The flare on the rear whed
well was flattened and hubcep was scregped. The bumper dso received some minor scraping.
There was no visble sructura damage to the rear of the vehicle.

There was no discernabl e floorboard deformation.

.-'i'
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. Vehicle damage to the impacted corner

Figure 2-18 — Test

2.2.12. Barrier Damage- Test 566

The barrier shifted a maximum of 100 mm during impact.
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2. TECHNICAL DISCUSSION (continued)

Test 566
Deflections at Segrnent Comers, mim

187 impact

Figure 2-19 — Test 566. Barrier deflections

Impact occurred on segment 8, 535 mm downstream from joint 78. Damage was limited to
scuffing on the face of segment 8 only.  Although the connecting pins were dightly snug, they
could be pulled out using apry bar.
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2. TECHNICAL DISCUSSION (continued)

Figure 2-20 - Test 566 Data Summary Sheet

Generd Information:

Test Agency ---------- CdiforniaDOT
Test Number --------- 566
Test Date--------------- August 2, 2000
Test Article:
Name ---------0000000000 Type 60K-v3
Installation Length--- 48.0m
Description:----------- twelve 4.00-m
Ssegments pinned
together on AC
Test Vehicle:
Model ---------20m0me--- 1993 Geo Metro
Inertial Mass ---------- 816.5kg
Impact Conditions:
Velocity----------------- 99.7km/h
Angle ----------eeeeeees 18°
Exit Conditions:
Velogity -=--------eeeee 96 km/h
Angle -----eemmeeenonaees 11 degrees

Test Dummy:

Type:---------meeeeeeee Hybrid I11

Weight / Restraint ----- 74.8kg/ belted

Position ------------------- Front Right
Vehicle Exterior:

VDS -oeseraesnosacensass FR-4, RFQ-4, RD-3

CDCP -svesesmsmrarasacess 02RFEWS5
VehicleInterior:

O.CD.L-rrrmrmmmmmmmeneeees RF0000000
Barrier Damage: -----------+- There was minor

latterd movement and scuffing.

Occupant Risk Values Longitudinal | Lateral

Occupant Impact Vel ocity 294 m/s | 5.77 m/s

Ridedown Acceleration -218 g 217 g

28




2. TECHNICAL DISCUSSION (continued)

2.2.13. I mpact Description - Test 567

Test 567 was conducted as a repeat of Test 566 because the impact angle in Test 566 was

too low. Moreover, the lateral ridedown acceleration for Test 566 was unexplainably high.

The vehicle impact speed and angle were 101 kph and 20 degrees respectively. The vehicle
remained upright and dtable. Laterd barrier deflections were moderate and no snagging was
evident. The vehicle made contact with two barrier segments.

Impact occurred 100 mm upstream of joint 78. The initid impact forced the 78 joint back
100 mm. The vehicle was forced to the left, causing it to yaw until the rear of the vehicle came
into contact with segment 8. The impacting rear end pushed the 7-8 joint back another 160 mm.

The vehicle did dong segment 8 and rose about 0.5 m.  The maximum height was achieved
0.35 seconds after impact.  The maximum roll of 25 degrees occurred at 0.5 seconds. The exit
gpeed and angle were 91.4 kph and 11 degrees, respectively. The vehicle tracked smoothly after
impact until coming to rest. Latera and longitudind ridedown acceleration and occupant impact
veocity were within NCHRP Report 350 limits.

2.2.14.  Vehicle Damage- Test 567

The damage to the test vehicle was smilar to the vehicle damage in test 566. Mogt of the
damage was limited to the front right corner of the vehicle. The corner pand was crushed and
the hood had a smdl dent. The right 300 mm of the front bumper was pushed back 150 mm into
the whed wdl. The front right whed was turned inward more severdly than in test 566 and the
hubcap was log. The steering mechanism was damaged but the steering whed could ill turn
thewheds. Thetirewas dtill inflated.

The rear right fender pand aso receved some minor damage. The flare on the rear whed
well was flattened and hub cab was lost. The bumper dso received some minor scraping.  There
was no visble structurd damage to the rear of the vehicle,

Asin Test 566, there was no discernable floorboard deformation.
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2. TECHNICAL DISCUSSION (continued)

2.2.15. Barrier Damage- Test 567

The barrier shifted a maximum of 260 mm during impact.

i
to i Mg et 260 ot o

Test &57

Deflections at Segment Cormers, mim 20° imnpact

Figure 2-22 - Test 566. Barrier deflections

Impact occurred on segment 7, 100 mm upstream from joint 7-8. Segments 7 and 8 received
some scuffing during contact with the test vehicle.  Segment 8 recalved some minor spdling at
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2. TECHNICAL DISCUSSION (continued)

its leading edge. As in Test 566, the connecting pins were dightly snug, but could be pulled out
using apry bar.
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2. TECHNICAL DISCUSSION (continued)

Figure 2-24 - Test 567 Data Summary Sheet

t = 0.000 t=0.0.180 - t=0.360 t=0.540

Genera Information: Test Dummy:
Test Agency ---------- CaliforniaDOT Type:-------------smmmoees Hybrid I11
Test Number ---------- 567 Weight / Restraint ----- 74.8 kg / belted
Test Date------------=- October 24, 2000 Position------------------- Front Right

Test Article: Vehicle Exterior:
Name -----s--ereeemeacass Type 60K-v3 VDS -oeserersneenaennass RFQ-3, FR-2, RD-1
Installation Length--- 480m CDCB --oeemaemeeraeennes 02RFEWS5
Descriptiorn------------ twelve 4.00-m segments Vehicle Interior:

pinned together on AC O.CD.l. ---rmmmrmemneenees RF0001100

Test Vehicle: Barrier Damage: -----------+- Some lateral movement
Model -----------mooo-- 1994 Geo Metro and scuffing,
Inertial Mass---------- 837.0kg

Occupant Risk Values Longitudinal | Lateral

Ve I — 101.0 knvh Occupant Impact Velocity 482 m/s | 67 mis

ANQIE -s-seesesmeneannes 20° Ridedown Acceleration 29 g [-154 g
Exit Conditions:

Velocity ----------------- 91.4 km/h

Angle ----smmmmmmeneneees 11 degrees
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2. TECHNICAL DISCUSSION (continued)

2.3. Discussion of Test Results - Crash Tests
2.3.1. General - Evaluation M ethods

NCHRP Report 350 stipulates that crash test performance be assessed according to three
evauation factors. 1) Structural Adequecy, 2) Occupant Risk, and 3) Vehicle Trgectory.

The structural adequacies, occupant risks and vehicle trajectories associated with the three
barrier designs were evauated in comparison with Tables 3.1 and 5.1 of NCHRP Report 350.

Structural Adequacy

60K-v1: The structurd adequacy of the 60K-v1 was unacceptable. Test 562 showed that the
pin and loop connections between the segments were so loose that impacted segments rotated
back and exposed the leading ends of the downstream segments. The test vehicle subsequently
snagged a the joints. During the time of contact between the test vehicle and the barrier there
were minor amounts of scrgping and spaling.

60K-v2: The sructura adequacy of the 60K-v2 was also unacceptable. Test 564 showed
that the differentid rotation of the barrier segments and consequential vehicle snagging & the
barrier joints was even more pronounced than in the test of 60K-v1. During the time of contact
between the test vehicles and the barriers there were minor amounts of scrgping and spaling.

60K-v3: The sructura adequacy of the 60K-v3 was acceptable. There was no significant
differentid rotation between ssgments due to the much more secure segment connections. The
laterad movement of the rall during these tests was acceptable.  During the time of contect
between the test vehicles and the barriers there were minor amounts of scraping and spaling.

A dealed assessment summary of sructurd adequacy is shown in Table 2-2 through Table
2-6.
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2. TECHNICAL DISCUSSION (continued)

Occupant Risk

60K-v1: The occupant risk of the 60K-vl was problematic. Although the occupant
compartment of test vehicle 562 did not experience mgor deformation or intruson, the high
degree vehicle of climb and pitch could have contributed to arollover.

60K-v2: The occupant risk of the 60K-v2 was unacceptable. As in the testing for the 60K -
vl, the occupant compatment did not sustain any mgor deformation. However, the severe
snagging of the front right whed imposed significant risk to the occupants.

60K-v3: The occupant risk of the 60K-v3 was acceptable. In each of the tests there were no
dgns of snagging or pocketing with the barier.  There were no sgns of spdling concrete
penetrating the occupant compartment of the vehides. All of the caculated occupant ridedown
accderations and occupant velocities were well within limits (with the exception of test 566,
which was repeated due to questionable readings from the accelerometers).

Please refer to Table 2-2 through Table 2-6 for a detailed assessment summary of occupant
risk.

Vehicle Trajectory

60K-v1: Pogt-impect trgjectory for the first design was acceptable. The exit angle was near
zero degrees for the only test conducted. The vehicle demonstrated a clear redirection back into
the barrier.

60K-v2: Pogt-impact trgectory for the second design was not acceptable. Though the exit
angle was only 10 degrees for the dngle tes, it should be understood that the snagging caused
the rear of the vehicle to rise up and push out into the traffic. This imparted high degrees of yaw
to the vehicle forcing it into an uncortrolled trgjectory backward and into traffic.

60K-v3: Pog-impact trgectory for the second desgn was acceptable.  The three tests
conducted on the barier demondrated that the barrier redirects impacting vehicles smoothly
away from the barier. Each of the vehices remaned sable and upright as they exited the

impact zone.



2. TECHNICAL DISCUSSION (continued)

The detalled assessment summaries of the vehicle trgectories may be seen in Table 2-2

through Table 2-6.
Table 2-2 - Test 562 Assessment Summary
Test No. 562
Date March 17, 1999
Test agency California Dept. of Transportation
Evauation Criteria Test Results Assessment
Structural Adequacy
A. Testarticle should contain and redirect the The vehicle was contained and marginal
vehicle; the vehicle should not penetrate, redirected. However, excessive snagging
underride, or override the installation although was a problem due to the 150-mm lateral
controlled lateral deflection of the articleis opening created as the top of the barrier
acceptable. segments rotated back.
Occupant Risk
D. Detached elements, fragments or other debris There were no penetrationsinto the pass
from the test article should not penetrate or show passenger compartment. Deformation
potential for penetrating the occupant was within Report 350 guidelines. The
compartment, or present an undue hazard to other | maximum floorboard deformation was
traffic, pedestrians, or personnel in awork zone. 135mm
Deformation of, or intrusions into, the occupant
compartment that could cause seriousinjuries
should not be permitted.
. ) . . The vehicle remained upright and stable .
e st ovghoutnetes. Homever, hepicn | ™9™
. 9 P 9 and the yaw of the vehicle were high.
and yawing are acceptable.
Vehicle Trgectory
K.  Aftercollisionitis preferable that the vehicle's After impact the vehicle was redirected pass
trajectory not intrude into adjacent traffic lanes. back into the barrier
L. The occupant impact velocity in the longitudinal Long. Occ. Impact V. =5.01 m/s pass
direction should not exceed 12 m/sec and the . _
occupant ridedown acceleration in the Long. Occ. Ridedown =17.39
longitudinal direction should not exceed 20 g.
M.  Theexit angle from thetest article preferably Exit angle O degrees, or 0% of impact pass

should be less that 60 percent of the test impact
angle, measured at time of vehicleloss of contact
with test device.”

angle
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2. TECHNICAL DISCUSSION (continued)

Table 2-3 - Test 564 Assessment Summary

Test No. 564
Date April 28, 1999
Test agency California Dept. of Transportation
Evaluation Criteria Test Results Assessment
Structural Adeguacy
A.  Test article should contain and redirect the The vehicle was contained and Fail
vehicle; the vehicle should not penetrate, redirected. However, severe multiple
underride, or override the installation although snag points devel oped during impact,
controlled lateral deflection of the articleis causing extensive damage to the vehicle.
acceptable.
Occupant Risk
D. Detached elements, fragments or other debris There were no penetrations into the pass
from the test article should not penetrate or show passenger compartment. Deformation
potential for penetrating the occupant was well within Report 350 guidelines.
compartment, or present an undue hazard to other | The maximum Floorboard deformation
traffic, pedestrians, or personnel in awork zone. was 100 mm.
Deformation of, or intrusions into, the occupant
compartment that could cause serious injuries
should not be permitted.
. . . . The vehicle remained upright but .
" it colison dlihough modeaterol ping | SXPTenced aich degreeof vaw afier | M0
. 9 P 9 losing contact with the barrier.
and yawing are acceptable.
Vehicle Trgectory
K. After collision it is preferable that the vehicle's The vehicleredirected back into the pass
trajectory not intrude into adjacent traffic lanes. barrier.
L. The occupant impact velocity in the longitudinal Due to failure of the data onboard
direction should not exceed 12 m/sec and the acquisition system, neither the occupant
occupant ridedown acceleration in the impact velocity nor the ridedown could
longitudinal direction should not exceed 20 g. be calcul ated.
M.  Theexit angle from thetest article preferably Exit angle 10 degrees, or 40% of impact pass

should be less that 60 percent of the test impact
angle, measured at time of vehicle loss of contact
with test device.”

angle
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2. TECHNICAL DISCUSSION (continued)

Test No.
Date

Test agency

Table 2-4 - Test 565 Assessment Summary

565
July 19, 2000
California Dept. of Transportation

Evaluation Criteria

Test Results

Assessment

Structural Adeguacy

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 articleis
acceptable.

The vehicle was contained and smoothly
redirected

pass

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 awork 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.

There were no penetrationsinto the
passenger conmpartment. Deformation
was well within Report 350 guidelines.

The vehicle remained upright and stable
throughout the test.

pass

pass

Vehicle Trgectory

K.

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

The occupant impact velocity inthe longitudinal
direction should not exceed 12 m/sec and the
occupant ridedown acceleration in the
longitudinal direction should not exceed 20 g.

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

The vehicle maintained arelatively
straight course after exiting the barrier.

Long. Occ. Impact Vel. =4.3 m/s
Long. Occ. Ridedown = -5.69

Exit angle 10 degrees, or 40% of impact
angle

pass

pass

pass
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2. TECHNICAL DISCUSSION (continued)

Table 2-5 - Test 566 Assessment Summary

Test No. 566

Date

August 2, 2000

Test agency California Dept. of Transportation
Evaluation Criteria Test Results Assessment
Structural Adeguacy
A.  Test article should contain and redirect the The vehicle was contained and smoothly pass
vehicle; the vehicle should not penetrate, redirected.
underride, or override the installation although
controlled lateral deflection of the articleis
acceptable
Occupant Risk
D. Detached elements, fragments or other debris Only minimal amounts of scuffing were pass
from the test article should not penetrate or show created during impact. There was no
potential for penetrating the occupant significant debris from the vehicle.
compartment, or present an undue hazard to other
traffic, pedestrians, or personnel in awork zone.
Deformation of, or intrusions into, the occupant
compartment that could cause seriousinjuries
should not be permitted.
F. The vehicle should remain upright during and The maximum roll, pitch and yaw were pass
after collision although moderate roll, pitching 2946, -15.26, and —27.19°, respectively.
and yawing are acceptable These are all acceptable.
H. Occupant impact velocities (see Appendix A, Occupant impact velocities were within
Section A5.3 for calculation procedure) should acceptable range.
satisfy the following:
Occupant Impact Velocity Limits (m/s)
Component Preferred Maximum
Longitudinal and 9 12 Long. Occ. Impact V. =2.94 m/s pass
lateral Lat. Occ. Impact V. =5.77 m/s
I Occupant Ridedown Accelerations (see
Appendix A, Section A5.3 for calculation
procedure) should satisfy the following:
Occupant Ridedown Acceleration Limits (g)
Component Preferred Maximum
Longitudinal and 15 20 Long. Ridedown Acc. =-2.18g fail
lateral Lat. Ridedown Acc. =-21.7¢g
Vehicle Trajectory
K. After collision it is preferable that the vehicle's The vehicle maintained arelatively pass
trajectory not intrude into adjacent traffic lanes straight course after exiting the barrier.
M.  Theexit anglefrom thetest article preferably Exit angle 11 degrees, or 55% of impact pass

should be less that 60 percent of the test impact
angle, measured at time of vehicleloss of contact
with test device.”

angle
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2. TECHNICAL DISCUSSION (continued)

Table 2-6 - Test 567 Assessment Summary

Test No. 567
Date October 24, 2000
Test agency California Dept. of Transportation
Evaluation Criteria Test Results Assessment
Structural Adeguacy
A.  Test article should contain and redirect the The vehicle was contained and smoothly pass
vehicle; the vehicle should not penetrate, redirected.
underride, or override the installation although
controlled lateral deflection of the articleis
acceptable
Occupant Risk
D. Detached elements, fragments or other debris Only moderate amounts of spalling were pass
from the test article should not penetrate or show created during impact. There was no
potential for penetrating the occupant significant debris from the vehicle.
compartment, or present an undue hazard to other .
: . : There was no discernable floorboard
traffic, pedestrians, or personnel in awork zone. deformation
Deformation of, or intrusions into, the occupant '
compartment that could cause serious injuries
should not be permitted.
F. The vehicle should remain upright during and The maximum roll, pitch and yaw were pass
after collision although moderate roll, pitching 26.5, -5.25, and —24.85°, respectively.
and yawing are acceptable These are all acceptable.
H. Occupant impact velocities (see Appendix A, Occupant impact velocities were within
Section A5.3 for calculation procedure) should preferred range.
satisfy the following:
Occupant Impact Velocity Limits (m/s)
Component Preferred Maximum
Longitudinal and 9 12 Long. Occ. Impact Vel. =4.82 m/s pass
lateral Lat. Occ. Impact Vd. = 6.7 m/s
I Occupant Ridedown Accelerations (see
Appendix A, Section A5.3 for calculation
procedure) should satisfy the following:
Occupant Ridedown Acceleration Limits (g)
Component Preferred Maximum
Longitudinal and 15 20 Long. Ridedown Acc. =-29¢g pass
lateral Lat. Ridedown Acc. =-154¢
Vehicle Trajectory
K. After collision it is preferable that the vehicle's The vehicle maintained arelatively pass
trajectory not intrude into adjacent traffic lanes straight course after exiting the barrier.
M.  Theexit angle from thetest article preferably Exit angle 11 degrees, or 55% of impact pass

should be less that 60 percent of the test impact
angle, measured at time of vehicleloss of contact
with test device.”

angle
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2. TECHNICAL DISCUSSION (continued)

Table 2-7 - Vehicle Trgectories and Speeds

60% of | Speed
Test Impact Impact Exit Impact Exit Change
Number Argle Argle Angle Speed, V; | Speed, Ve Vi- Ve
[deg] [deg] [deg] [km/h] [km/h] [kmV/h]
562 25.8 155 21 990.7 61 38.7
564 25.0 15.0 10 99.2 73 26.2
565 25.0 15.0 10 98.7 80 18.7
566 18.0 10.8 11 990.7 96 3.7
567 20.0 12.0 11 101.0 91 10.0
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3. CONCLUSION

Based on the testing of the various verdons of the Type 60K barier, the following
conclusions can be drawn:

1) The snagging potentia of the barier made the Type 60K-v1 highly undesrable as a
movesble median barrier. In Test 562 the barrier opened & the joints, producing a high potentia

for snagging.

2) Although the vehidle in Test 564 remaned upright during the test, serious snagging made
the Type 60K -v2 unacceptable as atemporary barrier.

3) The Type 60K-v3 barrier can successfully contain and redirect a 2000-kg pickup truck
impacting a 25° and 100 knvh. The occupant impact velocity and ridedown acceleration were
within acceptable limits of NCHRP Report 350. The maximum laterd deflection of the barrier
did not exceed 0.75 m. The floorboard deformation was 25 mm at the center of the vehicle. This

deformation was judged too smdl to cause serious injury to the occupantsin the vehicle.

4) The Type 60K-v3 barier can smoothly and successfully redirect an 820-kg car impacting
a 20° and 100 km/h. Barrier deflections were low (approximately 260 mm). The vehicle

sudained very low longitudind ridedown acceerations and only moderate laterd ridedown
accelerations.

5) The Type 60K-v3 barier meets the criteria set in the Nationa Cooperative Highway
Research Program’s Report 350 "Recommendations for the Safety Performance Evauation of
Highway Safety Features’ under Test Levd 3 for longitudina barriers.

4. RECOMMENDATIONS

1) Nether the 60k-v1l nor the 60k-v2 should be consdered for use on the stae highway
sysem.

2) The type 60k-v3 is recommended for use as a semi-permanent barrier on the date
highway system.
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7. APPENDICES (continued)

. IMPLEMENTATION

The Traffic Operations Program, in cooperaion with the Engineering Service Center, will
be responshble for the preparation of standard plans and specifications for the 60K-v3, with
technical support from Maerids Engineering and Testing Services and the Office of Structures
Congtruction.
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6. APPENDIX
6.1. Test Vehicle Equipment

The test vehicles were modified as follows for the crash tests:

The gas tanks on the test vehicles were disconnected from the fuel supply line and drained.
For tests involving the pickup trucks, a 12-L safety gas tank was ingtaled and connected to the
fud supply line. In order to purge the gasoline and oxygen vapors from the fud tank, gaseous
CO, was pumped in. For Tedts involving the smdl cars, a 12-L safety tank was not indaled
because the vehicle was towed to impact instead of sdf-powered.

One pair of 12-volt, wet cell, motorcycle storage batteries was mounted in the vehicle. The
batteries operated the solenoid-vave braking/acceerator system, rate gyros and an eectronic
control box. A second 12-volt, deep cycle, gel cdl battery powered the transient data recorder.

The remote brakes were controlled at a console trailer. A cable ran from the console trailer
to an dectronic indrumentation van. From there, the remote brake signad was carried on one
channd of a multi-channd tether line that was connected to the test vehicle. Any loss of
continuity in these cables would have activated the brakes autometicaly. Also, if the brakes
were gpplied by remote control from the console traler, removing power to the coil would
automdicdly cut the ignition for the sdf-powered vehicle. A 4800-kPa CO, system, actuated by
a solenoid vave, controlled remote braking after impact and emergency braking if necessary.
Pat of this sysem was a pneumatic ram, which was attached to the brake pedd. The operating
pressure for the ram was adjusted through a pressure regulator during a series of tria runs prior
to the actud test. Adjusments were made to assure the shortest stopping distance without
locking up the wheds. When activated, the brakes could be applied in less than 100
milliseconds

For tests involving a smdl car, the speed of the test vehicle was regulated by the speed of a
tow vehicle. The tow vehicle pulled a tow cable through a series of sheaves arranged to produce
a 2.1 mechanica advantage. Vehicle speed control was attained by the use of an ignition cutout
on the tow vehicle that had been configured for the correct speed.
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6. APPENDIX (continued)

For tests involving a pckup truck, an accelerator switch was located on the rear of the truck
bed. Activating the switch opened an dectric solenoid which, in turn, released compressed CO;
from a reservoir into a pneumatic ram that had been attached to the accelerator peda. The CO»
pressure for the accelerator ram was regulated to the same pressure as the remote braking system
with a vave to adjust CO, flow rate. A speed control device, connected in-line with the ignition
module sgna to the coil, was used to regulate the speed of the test vehicle based on the signd
from the vehicle transmisson speed sensor. This device was cdibrated prior to the test by
conducting a series of trid runs through a speed trgp comprised of two tape switches st a
gpecified distance gpart and a digita timer. A microswitch was mounted below the front bumper
and connected to the ignition system. A trip plate on the ground near the impact point triggered
the switch when the truck passed over it. The switch opened the ignition circuit and $ut off the

vehicle s engine prior to impact.



6. APPENDIX (continued)

Table 6-1 - Tet 562 Vehicle Dimensons

DATE:__3/17/99 TEST NO:_562 VINNO:__1GCFC24H717256679 MAKE:__Chevy
MODEL:__2500 Pick-Up YEAR:__1990 ODOMETER:__86139 (MI) TIRE SIZE:__LT255/75R16

TIRE INFLATION PRESSURE:__60 (PSI)

MASSDISTRIBUTION (kg) LF 545.0 RF 536.0 LR 450.5 RR 429.5

DESCRIBE ANY DAMAGE TO VEHICLE PRIOR TO TEST: Right door, lower rear corner has ashallow dent. The right side of the bed has along shallow

dent in front of the rear wheel.

(" 1 e
| M —J)
{ /__
VEHICLE
A N YHEEL —_ & — € 0 WHEEL
| '\ TRACK  ENGINE TYPE: GasV8

H N
( ENGINE CID: _350

/———\ rr:'ﬁ
b J 2 — TRANSMISSION TYPE:

X__AUTO
TIRE DA —ete— P ——odf TEST INERTIAL CM.
WHEEL DIA Q — MANUAL

[ \/ OPTIONAL EQUIPMENT:
L~
7 ; AC
1 I

J _:KT:‘—— 6)1 O M DUMMY DATA:

- TYPE:_NA
[
& ¢ € MASS;_NA
v M, v M,
F SEAT POSITION:_NA
GEOMETRY (cm)
A__1925 D 179.2 G 152.7 K 60.7 N 157.5 Q 4.4
B___ 921 E 1355 H na L 8.0 o) 162.0
C__ 3345 F 553.7 J 102.5 M 39.1 P 75.0
MASS- (kg) CURB TEST INERTIAL GROSSSTATIC
M1 1084.5 1081.0 1081.0
M2 865.5 880.0 880.0
MT 19495 1962.0 1962.0
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6. APPENDIX (continued)

Table 6-2 - Test 564 Vehide Dimensons

DATE:__4/28/99 TEST NO:_564 VIN NO:__2GCFC24K 0J1134229 MAKE:__CHEVY
MODEL:__2500 Pick-Up YEAR:__1988 ODOMETER:__61048 (M1) TIRE SIZE:__LT225/75R16
TIRE INFLATION PRESSURE:__60 (PSI)
MASSDISTRIBUTION (kg) LF 580 RF. 559.5 LR 4425 RR 436.0
DESCRIBE ANY DAMAGE TO VEHICLE PRIOR TO TEST: NONE
[ ) P —
’ M L__—JJ
{ /__
VEHICLE
A N YHEEL — ,_.\ € o wheeL ENGINE TYPE: _GasV8
| \ '\ ENGINE CID: _350
==\ = TRANSMISSION TYPE :
N ) AN L S —
X__AUTO
TIRE DA —efo— P ——od TEST INERTIAL C.M. MANUAL
WHEEL DIA Q —= OPTIONAL EQUIPMENT:
7\
L i AC
— 1] / Trailer hitch
(=)
| - |
J L l
Kl —L— /) O " DUMMY DATA:
| \ TYPE:_NA
¢ MASS._NA
— 8 [ €
v M, M, SEAT POSITION:_NA
F
GEOMETRY (cm)
A__1920 D 1785 G 150.7 K 61.0 N 157.0 Q 445
B 90.0 E 131.0 H na L 95 o 161.5
C__336.0 F 554.1 J 102.5 M 39.0 P 74.0
MASS- (kg) CURB TEST INERTIAL GROSSSTATIC
M1 1138.0 1139.5 1139.5
M2 849.5 878.5 878.5
MT 1987.5 2018.0 2018.0
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6. APPENDIX (continued)

Table 6-3 - Test 565 Vehicle Dimensons

DATE:__7/19/00 TEST NO:_565 VINNO:__1GCGC24R2VE148137 MAKE:__CHEVY
MODEL:__2500 Pick-Up YEAR:__1996 ODOMETER:__124920 (M) TIRE SIZE:__LT245/75R16
TIRE INFLATION PRESSURE:__45 (PSI)

MASSDISTRIBUTION (kg) LF 604.0 RF 608.0 LR 467.0 RR 454.0

DESCRIBE ANY DAMAGE TO VEHICLE PRIOR TO TEST: Thefront wall of the bed was pushed forward at he top by 25 mm. The right rear stake pocket

was dented at the top of the bed.

Y e —
| S~ ] = J ENGINE TYPE:_V8
{
/ — ENGINE CID: _350
WHEEL
A N —_— ye N JR— WHEEL
TRACK { ‘\ O TRACK  TRANSMISSION TYPE :
( N X__AUTO
/———\ rr:'ﬁ
\_ p, X | S MANUAL
OPTIONAL EQUIPMENT:
TIRE DA —~ete— P ——odf TEST INERTIAL C.M.
WHEEL DIA Q= AC
\/ Receiver hitch
L
. | 7 )
=/ DUMMY DATA:
N ? ) .
J T L l TYPE:_NA
K H 3
u S MASS;_NA
l i _t
— SEAT POSITION:_NA
]
— 8 [ €
v M, v M,
F
GEOMETRY (cm)
A__198.0 D 1835 G 144.6 K 65.4 N 160.0 Q 451
B___ 89.0 E 130.0 H na L 9.3 o) 163.0
C__335.0 F 554.5 J 109.4 M 37.1 P 733
MASS- (kg) CURB TEST INERTIAL GROSSSTATIC
M1 1212.0 1221.0 1221.0
M2 980.0 965.0 965.0
MT 2192.0 2186.0 2186.0
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6. APPENDIX (continued)

Table 6-4 - Tet 566 Vehicle Dimensons

DATE:__8/2/00 TEST NO:__566 VIN NO:__2C1MR6465R6703457 MAKE:_GEO
MODEL:__METRO5-DR YEAR:__1993 ODOMETER:__84580 (MI) TIRE SIZE:__P145/80R12

TIRE INFLATION PRESSURE:__40 (PSI

MASSDISTRIBUTION (kg) LF 2385 RF 2135 LR 186.0 RR 1785
DESCRIBE ANY DAMAGE TO VEHICLE PRIOR TO TEST: NONE
( ) ENGINE TYPE: _IN-LINE3CYL.
T O e L e
// \\ ENGINE CID: _1.0LITER
A NWHEEL » o § VEMCLE o WHMEEL  TRANSMISSION TYPE:
( \ } ! AUTO
A — ) T — 5
C J = \ /S _X__MANUAL
&L - \ &/
- OPTIONAL EQUIPMENT:
TIRE DIA —ofo— P —+f TEST INERTIAL C.M.
WHEEL DA Q

0 [(—\ DUMMY DATA:

L=
1 D
—[~ ; /\\ TYPE:_HYBRID |11 50th %

lom 1 —od

| G SI@)

SEAT POSITION:_RIGHT FRONT

VM, VM,
F
GEOMETRY (cm)

A 157.5 D 135.3 G 105.6 K 54.0 N 134.3 Q 34.0
B 80.1 E 70.2 H NA L 9.2 O 133.8
[ 236.5 F 385.5 J 69.8 M 21.6 P 50.7
MASS- (kg) CURB TEST INERTIAL GROSSSTATIC

M1 446 452.0 494

M2 315 364.5 398

MT 761 816.5 892
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6. APPENDIX (continued)

Table 6-5 - Test 567 Vehicle Dimendons

DATE:___10/4/00 TEST NO:__ 567 VIN NO:__2C1MR2468R6757246 MAKE:_GEO

MODEL:__METRO3-DR YEAR:__1994 ODOMETER:__112084 (M1) TIRE SIZE:__155/80R12

TIRE INFLATION PRESSURE:__35 (PSI)

MASSDISTRIBUTION (kg) LF 254.5 RF, 239.5 LR 180.5 RR 162.5

DESCRIBE ANY DAMAGE TO VEHICLE PRIORTO TEST: NONE

\v4

i s N |
| — D S ES ; }a/\ ENGINETYPE: IN-LINE3CYL.
- L \ \ 4

// \\ ENGINE CID: _LOLITER
A NWHEEL o— & VEHCE WHEEL  TRANSMISSION TYPE:
d \\ \ } J X__AUTO
j — B\ \ — X
C J = \ /Y __ MANUAL
&L - - </
+— OPTIONAL EQUIPMENT:
TIRE DIA —efo— P — TEST INERTIAL C.M. Air conditioning
WHEEL DA 0—4
7 [_F\
n
|| — ? DUMMY DATA:
]
ey ‘ TYPE:_HYBRID Il 50th %
JI TE9 A d 1A\ T
l ' [ J i&)) H MASS;_75KG
[ \ Z/ {

SEAT POSITION:_RIGHT FRONT

—— B [ [
VM, VM,
F
GEOMETRY (cm)
A__1585 D. 1335 G 93.2 K 52.7 N 134.6 Q 35.0
B___780 E 724 H NA L 9.0 o 134.0
C__ 2275 F 372.0 J 69.4 M 22.0 P 53.3
MASS- (kg) CURB TEST INERTIAL GROSSSTATIC
M1 487.5 494.0 529.0
M2 282.0 343.0 383.0
MT 770.0 837.0 912.0
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6. APPENDIX (continued)

6.2. Test Vehicle Guidance System

A ral guidance system directed the vehicle into the barrier. The guidance rall, anchored at
3.8-m intervas dong its length, was used to guide a mechanica arm, which was atached to the
front left whed of each of the test vehicles A plate and lever were used to trigger the release
mechanism on the guidance am, thereby rdeasng the vehicle from the guidance sysem before
impact.

6.3. Photo - I nstrumentation

Severd high-speed movie cameras recorded the impact during the crash tets. The types of
cameras and their locations are shown in

Figure 6-1 and Table 6-6. All of these cameras were mounted on tripods except the three
that were mounted on a 10.7-m tower and placed directly over the intended impact point of the
test barrier.

A video camera and a 16-mm film camera were turned on by hand and used for panning
during the test. Switches on a console trailer near the impact area remotely triggered dl other
cameras. Both the vehicle and barrier were photographed before and after impact with a normal-
peed movie camera, a beta video camera and a color ill camera A film report of this project

has been assembled using edited portions of the crash testing coverage.
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6. APPENDIX (continued)

Barrier W
L1
+X
L4 L2 L6
b5 X | o L3
H
INTENDEDPQOINT
OF IMPACT
L8 G V
Figure 6-1 - Camera Locations
Typical Coordinates, m
Camera Film Size Camera Rate: Typical Test

Label (mm) Type (fr./sec.) X* Y* Z*
L1 16 LOCAM 1 400 -29.4m +9.7m 15m
L2 16 LOCAM 2 400 0 0 12m
L3 16 LOCAM 3 400 +33.1m +.42m 15m
L4 16 LOCAM 4 400 -6m 0 12m
L5 16 LOCAM 5 400 -76.2m -7m 35m
L6 16 LOCAM 6 400 0 +6m| 12m
L8 16 LOCAM 8 400 +1m -151m 15m
G 16 GISMO 64 -7.6m -17.2m 6m
\Y, 127 SONY BETACAM 30 -3.0m -12.7m 15m
H 35 HULCHER 40 -75.5m -25m 35m
Note: Camera location measurements were surveyed after each test. For each testin this

series the cameras were placed in nearly identical locations allowing the average
location to be recorded in this table.
*X, Y and Z distances are relative to the impact point.

Table 6-6 — Typicd Camera Type and Locations

The following are the pretest procedures that were required to enable film data reduction to
be performed using a film motion andyzer:

1) Butterfly targets were atached to the top and Sdes of each test vehicle. The targets were
located on the vehicle a intervals of 305, 610 and 1219 mm (1, 2 and 4 feet). The targets
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6. APPENDIX (continued)

edablished scde factors and horizonta and verticd dignment.  The test barrier segments were
targeted with stenciled numbers on each.

2) Hashbulbs, mounted on the test vehicle, were dectronicdly triggered to establish 1)
intid vehide-to-barrier contact, and 2) the time of application for the vehicle brakes. The
impact flashbulbs begin to glow immediately upon activation, but have a dday of severd
millisaconds before lighting up to full intengty.

3) Five tape switches, placed a 4-m intervas, were atached to the ground near the barrier
and were perpendicular to the path of the test vehicle. Flash bulbs were activated sequentidly
when the tires of the test vehicle rolled over the tgpe switches. The flashbulb stand was placed in
view of most of the cameras. The flashing bulbs were used to correlate the cameras with the
impact events and to caculate the impact speed independently of the eectronic speed trap. The
tape switch layout is shown in Figure 6-2.

4) High-speed cameras had timing light generators which exposed red timing pips on the

film at arate of 100 per second. The pips were used to determine camera frame rates.
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6. APPENDIX (continued)

6.3.1. Electronic I nstrumentation and Data

Transducer data were recorded on a Pecific Instruments digital trandent data recorder
(TDR) modd 5600, which was mounted in the vehide. The transducers mounted on the test
vehicles included two sets of accderometers and one set of rate gyros at the center of gravity.
The TDR data were reduced using a desktop computer.

Three pressure-activated tape switches were placed on the ground in front of the test barier.
They were spaced at carefully measured intervals of 4 m. When the test vehicle tires passed over
them, the switches produced sequentid impulses or "event blips' which were recorded
concurrently with the accderometer signads on the TDR, sarving as "evert markers'. A tape
switch on the front bumper of the vehicle closed a the ingant of impact and triggered two
events: 1) an "event marker" was added to the recorded data, and 2) a flash bulb mounted on the
top of the vehicle was activated. The impact velocity of the vehicle could be determined from
the tape switch impulses and timing cycles. Two other tape switches, connected to a speed trap,
were placed 4 m gpart just upstream of the test barrier specificdly to establish the impact speed
of the test vehicles. The tgpe switch layout for dl tape switchesis shown in Figure 6-2.

The data plots are shown in Figure 6-4 through Figure 6-19 and include the accelerometer
and rate gyro records from the test vehicles. They dso show the longitudina velocity and
displacement versus time. These plots were needed to cdculate the occupant impact velocity
defined in NCHRP Report 350. All data were analyzed using software written by DADiISP and
modified by Catrans.



6. APPENDIX (continued)

Table 6-7 - Accderometer Specifications

TYPE LOCATION RANGE ORIENTATION | TEST NUMBER
ENDEVCO VEHICLECG. 100G LONGITUDINAL 551, 552
ENDEVCO VEHICLECG. 100G LATERAL 551, 552
ENDEVCO VEHICLECG. 100G VERTICAL 551, 552
HUMPHREY VEHICLECG. 180 DEG/SEC ROLL 551, 552
HUMPHREY VEHICLECG. 90 DEG/SEC ATCH 551, 552
HUMPHREY VEHICLECG. 180 DEG/SEC YAW 551, 552
ENDEVCO VEHICLECG. 100G LONGITUDINAL 551, 552
ENDEVCO VEHICLECG. 100G LATERAL 551, 552
ENDEVCO VEHICLECG. 100G VERTICAL 551, 552

Figure 6-3 - Vehicle Accderometer Sign Convention
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6. APPENDIX (continued)

Figure 6-5 - Test 562 Vehicle Latera Accderation, Veocity and Digance -Vs- Time

Test Date: 31799

Test 562 - Semi-Permanent 60k Barrier, LAT CALCS
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6. APPENDIX (continued)

Figure 6-6 - Test 562 Vehicle Rall, Pitch and Yaw -Vs- Time

Test Date: 31799

Test 562 - Semi-Permanent 60k Barrier, Long CALCS

1 1 1 1 1 1 1 1 1 1 1 1 | R N N |
1 1 1 1 1 1 1 1 1 1 1 1 | N N N |
1 1 1 1 1 1 1 1 1 1 1 1 | R N |
1 1 1 1 1 1 1 1 1 1 1 1 | R N |
1 1 1 1 1 1 1 1 1 1 1 1 L Y N T |
1 1 1 1 1 1 1 1 1 1 1 1 L Y N N N |
1 1 1 1 1 1 1 1 1 1 1 1 L Y N N R |
1 1 1 1 1 1 1 1 1 1 1 1 [ Y N T N |
1 1 1 1 1 1 1 1 1 1 1 1 | R N N |
1 1 1 1 1 1 1 1 1 1 1 1 [ O e T N |
= [RRE Fr il e FEs S o ] EF SRR St e pieaicoll EEEiely R {1 FREEE! FARRE) ARy FArnl = REnt SRR wr e Frierpe
1 1 1 1 1 1 1 1 1 1 1 1 | R N |
1 1 1 1 1 1 1 1 1 1 1 1 L Y N T |
1 1 1 1 | 1 1 1 1 1 1 1 1 L Y N N N |
1 1 1 1 | 1 1 1 1 1 1 L Y R T T |
1 1 1 — 1 1 1 1 1 1 | N N |
1 1 1 1 1 1 1 1 1 1 1 L Y Y R T T T |
1 1 1 1 1 1 1 1 1 1 1 1 | S R N T
1 1 1 1 1 1 1 1 1 1 1 1 | S TR I T
1 1 1 1 1 1 1 1 1 1 1 1 | S T I T
PN SRR RPRAY ISP | - SR SERRAI SRR (SRR S BRSPS B PRSP Lo L_L_L_L_L_L_L__
1 1 1 1 1 1 1 w1 1 1 1 L TR R A A R A
1 1 1 1 1 1 1 -] 1 1 1 1 [ T T R T T T |
1 1 1 1 1 1 1 =1 I 1 1 1 [ T Y O T T T |
= 1 1 1 1 1 1 1 1 1 [0 T Y O T T B |
o= 1 1 1 1 1 _._E_m._ 1 1 1 1 [ T Y O T T T |
I 1 1 1 1 1 Al 1 1 1 S T T T R I N
| ] 1 1 1 1 1 ol ! 1 1 1 wmlp v
il o 1 1 1 1 1 1 1 1 1 [ T T R R
[} Leal W} 1 1 1 1 1 n 1 1 1 1 e 1 1 1 1 1 1
1= 1 1 1 1 1 1 1 1 1 — 1 [ [ 1
Ny lr-——=-t- B Lk IS ] IR |ﬂn. -t-t-F-F-F-F-~-
1 1 1 1 1 1 1 m 1 1 1 1 1L " O R I T T
alr 1 1 1 1 1 R 1 1 1 wlgp v
ialtr 1 1 1 1 1 al 1 1 1 1 [ S O R I T T
11Nl 1 1 1 1 1 —~| 1 1 1 1 PN B T R O T B
[IFER N 1 1 1 1 1 Ll 1 1 1 1 Ul 1 1 1 1 1 1
_m_ 1 1 1 1 1 =1 1 1 1 nﬁ_“_.._ [ T T R R
1 1 1 1 1 1 1 1 1 1 1 [ L T T T T
_H_ 1 1 1 1 1 E 1 1 1 1 m_ N
|t 1 1 1 1 1 al 1 1 1 1 [ T B |
] O O | WOOUOS | SOO ) NSPSO O OPRN - O P N A O
o7 I T T I T E1RL T 1 ol T [
1N 1 1 1 1 1 H| 1 1 1 ol [ [T
1 1 1 1 1 1 1 S 1 1 1 =3 I TR [l
1 1 1 1 1 1 1 1 1 1 o oo [
_m_ 1 1 1 1 1 m 1 1 1 Oy a0 o [
e | 1 1 1 1 1 al ¢ 1 1 Bl ol [
a| 1 1 1 1 1 =l 1 1 T L R [T
i 1 1 1 1 1 [ 1 1 g1 b1 [T
il 1 1 1 1 1 ol 1 1 Hlr o ko [T
iR 1 1 1 1 1 =1 1 1 =l o o [T
I B NSy R . Y RS FREN R - | T R I Y R Ry "Iy T Y T T
1 1 1 1 | 1 1 1 1 1 1 1 (P R 1 [
1 1 1 1 1 1 1 1 1 1 1 [ 1 [
1 1 1 1 1 1 1 1 1 [ | 1 [
1 1 1 = 1 1 1 1 1 1 [ | [T
1 1 1 1 1 1 1 1 1 1 1 [ B R B b B [T
1 1 1 1 1 1 1 1 1 1 1 [ B [T
1 1 1 1 1 1 1 1 1 1 1 (R . T [
1 1 1 1 1 1 1 1 1 1 1 (R I B [l
1 1 1 1 1 1 1 1 1 1 1 [ R T [
1 1 | 1 1 | 1 1 1 1 1 (IR R I 1} [
A ke i [P i e B [ e T b Lkl i S i el i S e i
1 1 1 1 1 1 1 1 1 1 1 | T B | [T
1 1 1 1 1 1 1 1 1 1 1 | T B | [T
1 1 1 1 1 1 1 1 1 1 1 | R B | [T
1 1 1 1 1 1 1 1 1 1 1 [ T B [
1 1 1 1 1 1 1 1 1 1 1 [ T B [l
1 1 1 1 1 1 1 1 1 1 1 [ T B [
1 1 1 1 1 1 1 1 1 1 1 [ T T [
1 1 1 1 1 1 1 1 1 1 1 | R B | [
1 1 1 1 1 1 1 1 1 1 1 | T B | [T
S TP | Y PN (VORI Lk N LS 1 W PR e S (SRR S LAY || PSR PORPY [P Y e i, (1180 ) SRR
1 1 | 1 1 | 1 1 1 1 1 [P e Tl el I
1 1 1 1 3 1 1 1 1 1 1 1 [ O T B 1
1 1 1 1 A= 1 1 1 1 1 1 [ R T B 1
1 1 1 1 1 1 1 1 1 1 1 [ R T B |
1 1 1 1 1 1 1 1 1 1 [ R T B 1
1 1 1 | —i] 1 1 1 1 1 1 | R R R | 1
1 1 1 | 1 1 1 1 1 | Y R R | 1
1 1 1 —— T 1 1 1 1 1 | Y R R | 1
1 1 1 1 s 1 1 1 1 1 1 | O R R | 1
1 1 1 = 1 1 1 1 1 1 [ O T N T | 1
e — T o —— i = = = = = e S T T T DD
1 == 1 1 1 1 [ R R R | 1
1 p— ] 1 1 1 1 [ T T R | 1
1 1 | I 1 1 1 1 1 | Y R R | 1
1 1 1 1 1 1 1 1 1 1 1 | Y R N | 1
1 1 1 1 1 1 1 1 1 1 | O R R | 1
— — b 0 —_ e 1 o 4 J—
1 1 1 P 1 1 1 1 1 T Ay ! Rt K il IS |
1 1 1 o | 1 1 1 1 1 L N N R |
1 1 1 1 1 1 1 1 1 L N N R |
1 1 1 - = 1 1 1 1 1 1 [ O T T T T |
= R Fr el = el el ] Y ST o S aR| BREE R PRt R Lot O] FRERYY EAnRt PARY FAenl Rl R vy v [ yrierie
1 1 1 — e 1 1 1 1 1 1 1 L L L R
1 1 1 — 1 1 1 1 1 L L L I R
1 —— 1 1 1 1 1 1 1 1 L I R
1 1 1 1 1 1 1 1 1 1 1 1 [ L N
1 1 | 1 1 1 1 1 1 1 1 1 [ L L e N
1 1 —=— | 1 1 1 1 1 1 L L R
1 1 1 1 1 1 1 1 1 1 L R L
1 1 1 1 1 1 1 1 1 1 1 1 1 1 [
1 1 1 1 ~ 3 1 1 1 1 1 1 1 1 1 [ e
e e e L e e B
w I b T o= [ B R N - -
(63 1350% (s A11I30730 {w) 3IDHY1SI0

01 0.2 0.3 0.4 0.5 0.6 0.7 0.g 0.9 1.0
TIME (geconds)

58



6. APPENDIX (continued)

Test data recorder for Test 564 failed to collect data

Figure 6-7 - Test 564 Vehicle Accderations-Vs- Time
na
Hgure 6-8 - Test 564 Vehicle Longitudind Accderation, Veocity and Digance -Vs- Time
na
Figure 6-9 - Test 564 Vehicle Laterd Accderaion, Veocity and Digance -Vs- Time
na
Figure 6-10 - Test 564 Vehicle Rall, Pitchand Yaw -Vs- Time
na
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6. APPENDIX (continued)
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6. APPENDIX (continued)

Figure 6-12 - Test 565 Vehicle Laterd Accderation, Veocity and Digance -Vs- Time

Test Date: 719700

Test 565 - G0k fp4_v7 Barrier, LAT CALCS
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6. APPENDIX (continued)

Figure 6-13 - Test 565 Vehicle Rall, Fitchand Yaw -Vs Time

Test Date: 711900

Test 565 - 60Kk fp4_v¥ Barrier, Roll Pitch and Yaw Angles
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6. APPENDIX (continued)

Figure 6-14 - Test 566 Vehicle Longitudina Accderation, Ve ocity and Digance-Vs- Time

Test Date: /2700

Test 566 - 60K fpd_v7 Barrier, Long CALCS
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6. APPENDIX (continued)

Figure 6-15 - Test 566 Vehicle Latera Accderation, Veocity and Disance -Vs- Time

Test Date: §/2/00
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6. APPENDIX (continued)

Figure 6-16 - Test 566 Vehicle Rall, Fitchand Yaw -Vs Time

Test Date: 5200

Test 566 - 60K fp4_vT Barrier, Roll Pitch and Yaw Angles
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6. APPENDIX (continued)

Figure 6-17 - Test 567 Vehicle Longitudina Accderation, Vdocity and Disance-Vs- Time

Test Date: 10/400
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6. APPENDIX (continued)

Figure 6-18 - Test 567 Vehicle Laterd Accderation, Veocity and Digance -Vs- Time

Test Date: 10/400

Test 567 - 60k fpd_v7 Barrier, LAT CALCS
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6. APPENDIX (continued)

Figure 6-19 - Test 567 Vehicle Rall, Fitchand Yaw -Vs Time

Test Date: 10/400

Test 567 - 60k fp4_v¥ Barrier, Roll Pitch and Yaw Angles
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Detailed Drawing

6.4.
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6. APPENDIX (continued)
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Figure 6-21 - Type 60k-Vv3 profile
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6. APPENDIX (continued)
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6. APPENDIX (continued)
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Figure 6-23 - Type 60K -v3 connection plate detail
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6. APPENDIX (continued)
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6. APPENDIX (continued)
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