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NOTICE

The contents of this report reflect the views of the Division of New Technology, Materials

- and Research which is responsible for the facts and the accuracy of the data presented
herein. The contents do not necessarily reflect the official views or policies of the State of
California or the Federal Highway Administration. This report does not constitute a
standard, specification, or regulation.

Neither the State of California nor the United States Government endorse products or
manufacturers. Trade or manufacturers’ names appear herein only because they are
considered essential to the object of this document.
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i INTRODUCTION

i1 PROBLEM

Longitudinal highway safety barriers like guardrail and median barrier are crash tested with
angle impacts along their length. Even though these tests are successful and represent most real
barrier accidents, the barriers have one other point of vulnerability. Their ends require special
treatment. Terminals or end treatments (the terms are used interchangeably) are connected to the
ends of longitudinal barriers to handle end-on impacts which would be extremely severe if no
terminal was installed. Guardrail using W-section steel rail has been ended with the widely used
breakaway cable terminal (BCT) for many years (1). When median barrier using thrie beam steel
rails was adopted in the mid-1970’s, there was no terminal design available. Thrie beam is much

stiffer and stronger than W-section rail and could not be substituted directly in the BCT design.

Since that time, thrie beam barriers have been ended by transitioning from thrie beam to a length
of W-section rail and then using the standard BCT design at the end. This method of providing a
terminal for thrie beam barrier results in an installation that is 42 feet longer at each end than

needed if a transition and length of W-section rail were not required (1).

The BCT allows an impacting vehicle to breakaway the two end posts, buckle the rail back out of
the way, and then pass through or “gate” through the end of the barrier to a safe recovery area
behind the barrier. There have been efforts by several agencies in the past few years to design
improved barrier terminals. Most of these designs incorporate energy absorbing features that
allow better handling of the vehicle’s kinetic energy, shorter terminals, and terminals that do not

need to be flared away from the roadway.

Recently, several new proprietary terminals for thrie beam guardrail have been introduced, but
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the h1gh costs of these terminals makes it prohibitively expensive to install them on all thrie

beam barrier installations.
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1.2 OBJECTIVE

To develop, through full scale impact testing, a state-of-the-art, reasonably priced, non-
proprietary energy absorbing terminal that can be attached directly to the end of the single thrie

bearn barrier, to be qualified for use on California State Highways.

ClihPDF - www .fastio.com
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1.3  BACKGROUND

This ﬁfajéct W.%liS conceived in 1975. It was originally based on the results of four vehicular
impacf:'tests_coiiducted between 1971 and 1974. The tests were on a U-shaped guardrail
envelope which used w-secﬂdn steel guardrail. This envelope was called a “bullnose barrier”
and was intended for use in gore areas to shield fixed objects, yet result in low vehicle
accelefations if impacted. It \‘a'ras a low-cost substitute for a crash cushion. The tests were
pamally successful, but in thé last test, the car over-rode the W-section beam. It was concluded
that adﬁitional crash tests should be conducted on bullnose barriers built with thrie beam instead
of W-section beam. The tests conducted in 1971-1974 were described in a Caltrans research

report (2) .

Since "-".197'6, Caltrans has carried out a vigorous gore improvement program involving
approximat’ely' 1950 freeway gore areas. Many fixed objects have been removed and over 300

crash cushions were installed. Consequently, the need for a U-shaped guardrail envelope with

thrie béarﬁ (bullnose barrier) has diminished greatly. This project was originally conceived to

develo_jj a thrie beam bullnose barrier, but soon after, when the gore improvement program was

_ initiated, the objective was modified to work on an end treatment for thrie beam barriers of all

types.. .

The main application for a thrie beam barrier terminal would be at the end of single thrie beam
mediaﬁ barriers (2) as described in the Problem Statement. More recently, Caltrans successfully

crash tested a thrie beam bridge rail for secondary roads. A thrie beam terminal would be useful

at the énd of thrie beam transition barrier tested for use with this bridge rail system (3).

One p_foblem identified in the late 1970’s was at locations where the ends of bridge rails on

ééco‘ridary state highways are very close to intersecting access or service roads that parallel the

WAy Taslio.com
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waterway. At these locations, thefe is not enough room between the end of the bridge rail and
the intersecting road to install a standard bridge approach guardrail flare. A good solution at
some of these locations appears to be a thrie beam bridge rail with a short length of thrie beam
bridge approéch guardrail and a short terminal. Before thrie beam can be used efficiently for

short 1engths of guardrail, a crashworthy terminal design is needed.

Thrie beam is about 60 percent stronger than W-section rail, and also about 60 percent wider.
Due to these attributes, it can handle a larger range of vehicle sizes, both small and large, than
W-section rail. Being wider [0.51 m (20 inches) vs. 0.31 m (12 1/4 inches)], the thrie bcafn is
normally mounted 0.13 m (five inches) higher than W-section rail and thus is more able to
contain high center of gravity vehicles such as vans, trucks, and buses. It also extends (.08 m
(three inches) lower, or closer to the ground than W-section rail which provides better protection
from wheel entrapment on the posts. This is significant considering the small wheels of the
subcompact vehicles which are increasing in numbers on our highway. Being stronger, the thrie

beam offers greater resistance to penetration, particularly by heavier vehicles.

The current emphasis on saving of energy has resulted in the complete redesign of the
automobile with a resultant tremendous increase in the percentage of subcompact and mini-
compact vehicles in the automotive fleet. On the other hand, in order to increase the payload of
goods per gallon of fuel consumed, the percentage of large trucks and buses is increasing. There
also has been an increase in the number of higher center of gravity vans, pickup campers, and
other recreational vehicles. This vehicle mix is making the containment of errant vehicles by W-
section barrier and guardrail a difficult problem that can be alleviated by the use of the stronger,
wider thrie beam barrier and thus encourages the use of this rail. However, the lack of an
appropriate terminal design for the thrie beam rail has a negative effect on the wider adoption of

this superior railing system.

www . fastio.com
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This pfbjcct begén several years ago as a simple effort to develop and test a thrie beam terminal.
Due to° higher priority projects, a small and transient staff, and advancing technology in this
subject area, a number of potential terminals designs were studied before one was finally selected

that warranted testing.

In the first round of the study, gating designs similar to the BCT were proposed that called for
telescoiSing beams, flattened beams w.ith cutouts , laterally supported beams with steel straps, etc.
Crash %ésts at other agencies on designs using similar approaches in the early 1980°s were not
very éuCcessful,“panicularly with 816-kg (1800-1b) cars. Therefore, these first concepts were

abando’ifmd.

Aboﬁt‘iffhis time, it became apparent that crash cushion type energy absorbing elements needed to
be incc;rporated in the terminal design in order to soften the impact for 816-kg (1800-1b) cars.
' Relatiiely small forces on these cars irhpacting off center were causing the cars to spin out and

sometimes, roll over.

The se;:ond round of stu'dy— focused 'ori‘te.rminals that combined inertial elements such as sand
br-.u'relst;i:,T or water jugs under a fiberglass shell in front of a shaped block of aluminum honeycomb
that wais attached to the flared and anchored end of a thrie beam barrier. The cost estimates for
the hc’f?ie‘ycomb material seemed to make ‘it an impractical choice, and that concept was

abanddned alsb.

The test unit then looked at ali‘éxpeﬂmentél and operational terminals in the country in the mid-
1980°s and decided to explore a braced tube concept. Braced tubes had been used successfully in
a truck mounted attenuator and'were being considered for a general purpose crash cushion. This

was the basic concept used for the test barriers described in this report.
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The developmental effort involved 1) static load tests on corrugated steel pipes to learn their
crash properties (CSP was cheaper than smooth pipe, and hence it was used in our design), 2) the
writing of a short computer program to simulate terminal impacts using different tube
combinations and vehicle weights, and 3) one crash test eaqh on two different barrier prototypes
‘ to gauge the feasibility of the concept and to make recommendations for a possible follow-on

project. This report describes this final developmental effort in detail.

ClihPDF - www .fastio.com
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14 LITERATURE SEARCH

A TRIS literature search was conducted by fhe Division of New Technology, Materials and

Research Library staff. The literature search failed to disclose any information relative to a thrie

beam terminal design. However, the following literature is relevant to the testing of the thrie

beam barrier and attests to the excellent performance of this railing system. Much of this testing
utilizecf:a 42-foot-long W-section guardrail breakaway cable terminal and transition barrier as an

anchor for the thrie beam rail test installations.

1'. .;Bronstad, M.E., Viner, J.G., and Behm, W.E., “Cfash Test Evaluation of Thrie Beam

WYY LT

“Traffic Barriers”, Southwest Research Institute, January 1974

2. erryden, J.E., and Hahn, K.C., “Crash Tests of Light-Post Thrie-Beam Traffic Barriers”,

‘New York State Department of Transportation, January 1981

3. Kimball, Jr., C.E., Bronstad, M.E., and Michie, J.D., “Heavy Vehicle Tests of Tubular

‘Thrie Beam Retrofit Bridge Railing”, Southiwest Research Institute, January 1981

astio.com
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2. CONCIUSIONS

Based on the crash test results and the guidelines in NCHRP Report 230 (4), the following can be

concluded:

1. The two thrie beam barrier terminal designs which were crash tested did not meet the

criteria set forth in NCHRP Report 230 (5).

2. The basic elements in the terminals worked quite well, and about as expected. The

concept of energy absorbing steel tubes is viable and has merit.

ClihPDF - www .fastio.com
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3, RECOMMENDATIONS

1 The two thrie beam barrier terminal prototypes crash tested should not be approved

for use on California Highways.

9. If these terminals are modified for forther testing, two sets of bracing cables should be
*' used, one set at the bottoni and another at the top of the CSP. The steel bar anchoring
the braces on the outside of the CSP should be longer and stiffer than the one in the

* current design so that full crush sirength (and hence maximum energy dissipation)

can be developed in each tube.

:3. Due to the wide nose of this device, it spreads the impact forces over a larger area,
hence impacts with the device are less severe than ones with a similar, narrower
device. This is especially useful for the case of side impacts. It is recommended that
any future studies based on this concept look further into the viability of this device

for side impacts.

4 Any further design modifications should keep the maintenance aspects of this system
in mind. Currently, repairing a terminal after impact requires the use of specialized
heavy equipment and may require traffic control (lane closures, etc.). Future designs
should try to make repairs and replacement of parts possible without the need for any

heavy equipment.

'5. Since this device is non-plroprietary, it is recommended that further studies be

initiated to modify the design to meet crash test requirements provided maintenance

* and repair characteristics can be improved. A cost/benefit analysis might show that it
; would save the Stafe c;’)nsiderable sums of money as compared to current proprietary

devices.

ClihPDF - wyvaw.fastio.com
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4. IMPLEMENTATION

This projecf was concluded before all required tests in NCHRP Report 230 were completed. The
only implementation of these research results may be in future research projects, if it is decided

' to continue with this design concept or a related one.

Coan
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5.  TECHNICAL DISCUSSION

51  TEST CONDITIONS

5.1.1  Braced Cylinder Tests (Static Load Tests)

The thrie beam terminal design is based on the research of John Carney (4) and The Texas

Transportation Institute (TTI) (3).

Carney’s system uses crossbracing in steel tubes to increase the energy absorbing capacity of a

simple fsteel tube. He first applied this concept in the Connecticut truck mounted attenuator, and

later in the various Connecticut Impact Attenuation Systems. The TTI research investigated

cbnugéied steel pipes for absorbing energy. This was part of their concerted effort to develop

 new ci:’ash cushion concepts in the late ‘60s and early ‘70s, in particular, the steel drum

attenuator. Our system investigated the combination of the two above systems; crossbracing in

corr géted steel pipe to increase the energy absorbing capacity of simple CSP.

Our static load tests focused on determining the energy absorbing properties of corrugated steel
pipe with and without crossbracing. The majority of tests were conducted using 14 ga. pipe
segments. The point of the tests was to establish a wide range of braced pipe data indicating the

changé in strength properties as a function of bracing angle with constant basic pipe strength. A

' limited"pumber of tests were conducted to indicate the change in sirength properties as a function

of the ;hiclaless of the pipe walls. Table 1 gives a description of the static load tests which were

conducted. Figure 1 shows the apparatus used for the testing and Figure la shows the test

results:
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Test Number Test Description
1-14 ANR45 14 ga. CSP, unbraced with the seam at a 45° angle from zenith.
2-14ANROO 14 ga. CSP, unbraced with the seam at zenith.
3-14ANRO0O 14 ga. CSP, unbraced with the seam at 90° from zenith.
1-14ANROO 14 ea CSP, nunbraced with the seam at zenith.
5-14A30 14 ga. CSP, doubie bracing at 30° from horizontal. Retested as 13-14A30.
6-14A00 14 ga. CSP, braced with 4 bars at 0" from horizontal. Pipe did not fail in proper mode.
Bracing redesigned and tested as 12-14A00.
7-12ANR45 12 ga. CSP, unbraced with seam at 45° from zenith. Used to compare shape of curve with
14 ga. CSP (test 4-14ANROQ).
B-16ANR45 16 ga. CSP, ﬁnbraced with seam at 45° from zenith. Used to compare shape of curve with
14 ga. CSP (test 4-14ANROQ).
9-14A10 14 ga. CSP, double braced at 10° from horizontal.
10-14A25 14 ga. CSP, double bracing at 25° from horizontal.
11-14A20 14 ga. CSP, double bracing at 20° from horizontal.
12-14A00 14 ga. CSP, horizontal bracing with 2 bars.
13-14A30 14 ga. CSP, double bracing at 30° from horizontal.
14-14H10 14 ga. helical pipe, double bracing at 10° from horizontal.
15-12A15 12 ga. CSP, double bracing at 15° from horizontal.
16-12A20 12 ga. CSP, double bracing at 20° from horizontal.
The first 3 test were conducted at a c_rush rate of 0.01 mimin (112" per minute).
The rest of the tests were conducted ata cr-ush rate of 0.05 mimin (2" per minute)

www . fastio.com
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Thc_primary purpose of the static tests was to gather déta for use in designing a terminal. The
' data w?re used to model the energy absorbing ability of various hypothetical terminals. To
facilitate the modeling process, a computer program was written which used the data from the
static tésts. The model calculates velocity, acceleration, time and distance every 0.01 m (1/2
inch) of: crush. It also calculates the average acceleration from t=0 to present every 0.30 m (1 fi),
the octél;pant impact velocity, the time and distance at which occupant impact occurs, the ride
~ down éﬁcelerétid@ and the 50 ms average acceleration. The time period for the ride down and

50 ms acceleration are also given.

.Based bn the findings of the above tests and consultation with engineers from Caltrans’ Division
of Structures, it was decided to use a combination of 12, 14, and 16 ga. CSP with 6.35 cm (1/4
inch) wn'e rope for cross-bracing. The crossbracing was placed halfway up the CSP, 0.53 m (21
| inc:he,‘s);S ﬁbove ground at a 20° angle from zenith (see appendix E for further details).

512" Test Facilities

The two impact tests were conducted at the Caltrans Dynamic Test Facility in West Sacramento,
California. The tests wg;,re performed on a large flat asphalt concrete surface. The test barrier
* was placed on concrete pads in the pavement. There were no obstructions nearby except for a
simlﬂaféd bridge deck'downsn'eam from the barrier with no rail attached and a trench on the far

side.
5.13 .| TestBarrier Design
The basic concept and the sizing of CSP braced tubes was done by the Calirans Division of New

Technology Materials, and Research (DNTM&R) (see Appendix E for the complete set of

drawings). The Division of Structures designed and drew the details for the two test barriers

R e R R
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with input from DNTM&R and the Division of Traffic Operations. A computer model was used
to design the actual breakaway terminal by simulating the energy absorbing characteristics for
head-on impacts. The thrie beam terminal design involves a single row of nine 0.91-m (36-inch)
diameter corrugated steel pipes of various wall thicknesses. Corrugated steel pipes act as energy
absorbing elements during impact. 1.83 m (6-foot) long thrie beam sections are tied to the CSP
on the traffic side of the barrier. The thrie beam segments slide forward and telescope during
frontal impacts. In side impacts, they act like a longitudinal barrier. The front of the CSP row is
surrounded by a 180° bent thrie beam segment. The two designs differ only in the lateral

restraint method,

In the first test, 491, the CSP sections were bolted together at the top. Directly below at the
bottom of the adjoining pipe sections, guide plates were bolted to the pipe walls. The guide
plates had “notches” that fit over the top flange of a wide flange steel beam bolted to the concrete
slab base. The steel beam was located along the longitudinal centerline of the terminal, directly
under the center of the CSP sections. Hence, as the pipes were crushed in a frontal impact, the
notched brackets guided the crushing pipes straight back along the steel beam. To add stability
to the terminal in side impacts, the CSP sections were anchored on each side at their bottom
edges with a chain going from the pipes to steel bar hooks embedded in the concrete slab. The
chains were to resist overturning of the pipes in side impacts, but would slide off the steel bar
hooks in head on impacts. The barrier used for test 492 was laterally restrained with a 0.02-m
(3/4-inch) diameter steel cable running through eye bolts attached to either side of the individual
barrels. The cable was anchored at the upstream end of the barrier to the concrete using 0.15-m
(6-inch) diameter steel pipe embedded in the concrete foundation and, in turn, filled with
concrete. On the downstream end, the cable was bolted onto an M6 I beamn, embedded in 0.69 m
(27 inches) of concrete using a stud end fitting on the cable, See Appendix E for a complete set

of drawings for the terminals.

www fastio.com
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574 = Test Barrier Construction

The test barrier used for test 491 had an overall length of 24.7 m (81.2 feet). It was installed by a
privaté contractor. The minimum length for test barriers is 22.9 m (75 feet) per NCHRP Report
230 (5). The terminal section had a length of 10.5 m (34.5 feet). The finished barrier is shown in
Figure 2. The barrier was constructed in accordance with the Caltrans Standard Specifications
(). 'ihe barrier used for fest 492 had a length of 24.5 m (80.4 feet), with the terminal section

having? alengthof 11.2m (36.7 feet). Figure 3 shows the barrier used for test 492.
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S

Wood Posts Used as Backup Structure

Steel Cable Braces & CSP Connection
Figure 2: Barrier Used In Test 491
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Cable Anchor
Figure 3: Barrier Used In Test 492
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No problems were encountered during the construction of the barriers. Both barrier designs were
fairly modular and simple to assemble. (Note: A standard soil pit was constructed for use with
the original design concepts, but was not needed for the braced tube terminal designs. The soil

pit was used for other crash test research projects).
5.15 Test Vekhicles

The test vehicles complied with NCHRP Report 230 (3). For both tests, the vehicles were in
good condition and free of major body damage and missing structural parts. All the equipment
on the vehicles was standard. The vehicles had front mounted engines, rear wheel drive, and

automatic transmissions. The vehicle types used in the tests and the vehicle weights are shown

in Table 2.
Test No. Test Vehicle Total Test Inertial
Weight [kg (1b)]
491 86 Chevy Pickup Truck 2077 (4580)
492 87 Chevy Pickup Truck 1928 (4250)

Table 2: Test Vehicle Information .
(Key Vehicle Dimensions are Shown in Appendix A)

The vehicles were self-powered; a speed control device maintained the desired impact speed
once it was reached (test 491 only). Remote braking was possible after impact. Guidance of the
vehicles was achieved with an anchored rail connected to a guide bracket on the right front wheel
of the vehicles. No constraints were put on the steering wheel. A short distance before the point

of impact, the vehicle was released from the guidance rail and the ignition was turned off. A

~ description of the test vehicle equipment and guidance system is contained in Appendix A.

www . fastio.com
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For te's':_t 492, the impact was on the right (passenger) side of the vehicle.
5.1.6 Data Acquisiﬁon Systems

The impact phase of each crash test was recorded with several high speed movie cameras, one
normal 'si:eed movie camera, one black and white sequence camera and one color slide sequence
camerzi‘. The test vehicles and test barrier were photographed before and after impact with a
normai‘fspeed movie carhera, a black and white still camera and a color slide camera. A film

' report of this project was assembled using edited portions of the movie coverage.

Three accelerometers were attached’to the floor of the vehicle near the center of gravity to
measxiifé motion in the longitudinal, lateral and vertical directions. Rate gyro transducers were
also placed at this location to measure the pitch, roll and yaw of the vehicle. The accelerometer

data were used in calculating the occupant impact velocity.

A Paciﬁc Instraments Model 5600 digital transient data recorder (TDR) was used for recording
n:ansdﬁbe‘r data. The Model 5600 is a 32 channel portable data recorder for field applications and
it was }:nounted in the v;.hicle. The TDR digitized and recorded transducer data at a sample rate
of 12.3 KHz per channel. The digitized data were transferred to, and analyzed by a personal

. computer. The recorded and reduced data are presented in Appendix C.
Test djlm'mies were not used in these tests.

Appendices B and C contain a detailed description of the photographic and electronic equipment,

the camera layout, data collection and reduction techniques, and accelerometer records.

A
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5.2 TEST RESULTS

The records of accelerometer data are contained in Appendix C and a film report showing the

crash tests is available for viewing.
5.2.1 Test 491
The planned conditions were 2040 kg (4500 1b) at 97 km/h (60 mph) and 0° on the nose of the

device. The actual conditions were 2077 kg (4580 1b) at 90 km/h (55.9 mph) and 0°. The data

summary sheet and the photos taken before and after impact are shown in Figures 4-6.
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Approximate
Vehicle Path
% Y Yy
-7 - =
, ‘ Test Barrier 7
Test Barrier:
. | Type: Thrie Beam Terminal - B Test Data:
Overall Length: 24.7 m (81.2 feet) Occupant Impact Velocity: 5.7 m/s long. / -1.3 m/s lat.
Terminal Length: 10.5 m (34.5 feet) Ridedown Acceleration: -72 g’slong. /2.6 g's lat.
Max. 50 ms Avg. Accel: 4.3 g’slong./13 g'slat.
Test Date: 1/29/92 TAD/VDI: FD2/12FDEW1
, Max. Roll, Pitch & Yaw:  +5.3°/+134°/+8.2°
P Test Vehicle:
Model: _ 1986 Chevy Pickup Truck
Inertial Mass: 2077 kg (4580 1b)
Impact Velocity: 90 km/h (559 mph) -
Impact/Exit Angle: 0°/0°

astlio.com

Figure 4: Test 491 Data Summary Sheet
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5211 Impact Description - 49]

The test vehicle impacted the barrier at 0 degree impact angle and at a speed of 90 km/h (55.9
mph). Close examination of the high speed movie films indicated that the center line of the
vehicle impacted the center of the end terminal. The vehicle remained in contact with the
attenuator during the entire stopping sequence. The vehicle crushed all nine barrels, broke the
first backup post and climbed over the thrie beam barrier. It came to rest 10.73 m (35.2 feet)
downstream of the impact point with the front bumper 1.04 m (3.4 feet) above ground. The final

position of the vehicle was on top of posts 3, 4, and 5.

During impact, the truck experienced a maximum roll of +5.3 degrees (towards the barrier; see
Figure C1 for sign convention), a maximum pitch of +13.4 degrees (nose down), and a maximum
yaw of +8.2 degrees (away from barrier). Occupant impact velocity was 5.7 m/s (18.6 fps) in the
longitudinal direction and -1.3 m/s (-4.4 fps) in the lateral direction. The ridedown acceleration
was -7.2 g’s longitudinally and 2.6 g’s laterally. The maximum 50 ms average accelerations

were -4.3 g’s in the longitudinal direction and 1.3 g’s in the lateral direction.

' 52712 Vehicle Damage - 491

The test vehicle was moderately damaged after the impact. The contact pattern was initiated at
the center of the bumper which was bent during the impact. The radiator was intact and the
engine unmoved, however, coolant was leaking out of the radiator. The hood remained closed
and could be opened in spite of some crinkling of the sheet metal. The left front fender was
crushed. The left front door was scraped, jammed and could not be opened. The tires and

wheels were undamaged, the steering system was working and the vehicle could have been

driven away was it not for the leaking coolant. There was no intrusion of vehicle or barrier parts

www . fastio.com
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into the passenger compartment during impact.

52.1.3  Barrier Damage - 491

' The barrier was severely damaged during impact. Tubes 1 through 9 were all almost completely

crushed. Posts 1 and 2 were sheared off at the base. The thrie beam panels flew off as far as 3.44
m (1'1.3 feet) downstream from the downstream end of the barrier. The crushed barrels remained

connected together, and they landed 22.75 feet from the downstream end of the barrier. Figure 6

‘shows Q_the post-impact photographs.

522 Test492

The ‘pl‘é_.nned test conditions were 2040 kg (4500 1b) at 97 km/h (60 mph) and 20° into the side of
the deﬁce. The actual conditions were 1928 kg (4250 1b) at 95 kan/h (59.1 mph) and 20°. The

data summary sheet and the photos taken before and after impact are shown in Figures 7-9.
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t=0.300 sec. t=0.400 sec. t=0.500 sec.
B .
Test Barrier ~ R I 20°
Approximate ~
Vehicle Path
Test Barrier:
Type: Thrie Beam Terminal - A Test Data:
Overall Length: 24.5m (804 feet) Occupant Impact Velocity: 5.8 m/s long. /-7.3 m/s lat.
Terminal Length: 11.2 m (36.7 feet) Ridedown Acceleration: -29g’slong. /134 g’s lat.
Max. 50 ms Avg. Accel.:  -5.5g’slong./10.5 g’s lat.
Test Date: 9/16/92 TAD/VDL FR4 / 02RSEY7
Max. Roll, Pitch & Yaw:  +17.3°/-14.7°/+21.1°
Test Vehicle:
Model: 1987 Chevy Pickup Truck
Inertial Mass: 1928 kg (4250 1b)
Impact Velocity: 95 km/h (59.1 mph)
Exit Velocity: 52.6 km/h (32.7 mph)
Impact/Exit Angle:  20°/n/fa
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Figure 7: Test 492 Data Summary Sheet
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52927  Impact Description - 492

The test vehicle impacted the barrier at a 20 ‘dcgree angle and at a speed of 95 km/h (59.1 mph).
Close examination of the high speed movie films indicated that the right front corner of the
vehicle impacted the barrier at the desired impact point, between tubes 1 and 2. The vehicle

remained in contact with the attenuator for the entire length of the terminal.

Upon'_impact, the right front of the vehicle pushed all nine tubes laterally as some redirection of
the véhiclc occurred. As the tubes displaced sideways, the steel cable maintained good
anch{)"rage of the b'ylinuders aﬁd prevented excessive displacement. The tubes generally
main:c_ained their shapes, and the vehicle exited the barrier system with an approximate speed of

52.6 rkm/hr (32.7 mph). "The exit angle could not be determined because of lack of camera

rfootage The right front wheel of the vehicie snagged on the I-beam used to anchor the barrels

and was severely damaged Remote brakes were applied after the vehicle was completely

rcdjrg,cted and lost contact with the barrier. The vehicle came to rest downstream from the end of

s the Banier and'in front of it.

During 1redif;e;::tion, the vehiqle experienced a maximum roll of +17.3 degrees (towards the
ban‘i_er), a ma:nmum i)itch of -14.7 degrees (nose up), and a maximum yaw of +21.1 degrees
(towards the barrier). Occupant irhpact velocity waé 5.8 m/s (19.1 fps) longitudinally and -7.3
m/s ( 23.9 fps) laterally. The ndedown acceleration was -2.9 g’s longitudinally and 134 g’s
laterally The maxmaum 50 ms average accelerations were -5.5 g’s in the longitudinal direction

and 10.5 g’s m the lateral direction.

e
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5222 Vehicle Damage - 492

The test vehicle was severely damaged after the impact. The contact pattern initiated on the right
side of the vehicle resulted in the sheet metal on the right side of the body being crushed. The
right side of the bumper was crushed and bent back under the vehicle. The grill and headlight on
the right side were broken. The hood remained closed and undamaged, but it was pushed
sideways about 0.01 m (1/2 inch). The radiator was intact and the engine did not move after the
impact. All of the right side of the vehicle was crinkled and crushed due to impact. The right
door was jammed shut and could not be opened. The left front tire and wheel were intact, while
the right front tire was flat and the wheel was badly bent under the vehicle, restricting movement.
The left rear wheel’s movement was also restricted because it was bent backwards and pushed up
under the vehicle while the right rear tire was flat, but the wheel was intact. The steering system
was impaired due to the impact and the vehicle was not in a drivable condition. There was no

intrusion of vehicle or barrier parts into the passenger compartment during impact.

5223 Barrier Damage - 492

The barrier system redirected the vehicle with some damage. All nine tubes were bent; most of
the damage to the tubes was at the bottom where the restraining cable anchored the tubes through
eye-bolts. The cross braces and the thrie beam panels on the side prevented substantial crushing
of the tubes. The two small tubes in the back which connected the CSP’s to the wood posts were
crushed, and the anchor cable slipped through one of the cable clips at the upstream end of the

barrier. Figure 9 shows the post-impact photographs for this test.
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5.3 DISCUSSION OF TEST RESULTS
531" General Safety Evaluation Guidelines - NCHRP Report 230

" Three evaluation factors were used in judging the impact test performance of the test barrier, as

recommended’ by NCHRP Report 230 (5). These factors are: (1) structural adequacy, (2)

‘occupant risk, and (3) vehicle trajectory. All three of the above categories were used to judge the

performance of the baitier in tests 491 and 492.

532 Strucwmral Adeqﬁdcy

The structural adequacy was evaluated by comparison of the test results with the following

criteria from Table 6 of NCHRP Report 230 (5).

“C. Acceptable test article performance may be by redirection, controlled

penetration, or controlled stopping of the vehicle,

D. "~ Detached elements, fragments or other debris from the test article shall not
penetrate or ‘show potential for penetrating the passenger compartment or

“present undue hazard to other traffic.”

Test 491 did not meet either of the above criteria. The barrier did not bring the vehicle to a
complete stop. As a result, the vehicle crushed all nine CSP’s and climbed over the thrie beam
guardraﬂ, héﬁce criterion C was not met. Debris from the barrier, including thrie beam panels
and wgod posts were scattered over an area extending as far as 4.02 m (13.2 feet) from the face
of the'{barrier. Even with a ten foot shoulder, this means that the debris would have landed into

adjacent traffic lanes presenting an unnecessary hazard, hence test 491 did not meet criterion D.
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On the other hand, test 492 met both of the above requirements since the vehicle was smoothly

redirected away from the barrier and there was hardly any debris around after impact.
533 QOccupant Risk

The occupant risk was evaluated by comparison of test results with the following criteria from

Table 6 of NCHRP Report 230 (5).

“E.  The vehicle shall remain upright during and after collision although moderate
roll, pitching and yawing are acceptable. Integrity of the passenger

compartment must be maintained with essentially no deformation or intrusion,

E. Impact velocity of hypothetical front seat passenger against vehicle interior,
calculated from vehicle accelerations and 24 in. (0.61 m) forward and 12 in.
(0.30 m) lateral displacements, shall be less than:

Occupant Impact Velocity - fps

Longitudinal Lateral
40/F1 30/F;

and vehicle highest 10 ms average acclerations subsequent to instant of

hypothetical passenger impact shouid be less than:

Occupant Ridedown Accelerations - g’s

Longitudinal Lateral
20/F3 20/F4

where Fi, Fa, F3, and F4 are appropriate acceptance factors (see Table 8,

Chapter 4 for suggested values).”

In both test 491 and 492, the amount of roll, pitch and yaw was moderate. Neither of the two test
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cars showed any indication of being close to rollover. There was no deformation or intrusion

into the passenger compartment, hence criterion E was met in both tests.

The vzilues of both the longitudinal and the lateral occupant impact velocity for test 491 and 492

were below the NCHRP recommended maximum values.

The 'séf:ond part of Criterion F in NCHRP Report 230 (3) calls for a highest 10 ms average
Iongipﬁﬁinal and lateral vehicle acceleration of 15 g’s after the theoretical occupant/compartment

impacf_ occurs. Both test 491 and 492 met this criterion.

It shoﬁld be noted that none of the above means of evaluating the occupant risk are exact

methods of predicting injury levels during impacts. NCHRP Report 230 states that “Whereas the

_ high'w;iy eng'incer is ultimatély concerned with safety of the vehicle occupants, the occupant risk

criteria should be considered és the guidelines for generally acceptable dynamic performance.
These criteria are not valid, however, for use in predicting occupant injury in real or hypothetical
accideﬁts“. The explanation is given that "relationship between vehicle dynamics and probability
of occi;pant injury and degree of injury sustained is tenuous, because it involves such important
but wi't:iely varying factors as’ occupaﬁt'physiology, size, seating position, restraint, and vehicle
interic'ii* geometry and padding". However, low occupant impact velocity and ridedown

acceleration values indicate rélatively safe roadside safety features.
534 Vehicle Trajectory

The vehicle trajectory was evaluated by comparison of test results with the following criteria

from Table 6 of NCHRP Report 230 (5):

“UH, After collision, the vehicle trajectory and final stopping position shall intrude a

U
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minimum distance, if at all, into adjacent traffic lanes.

L In tests where the vehicle is judged to be redirected into or stopped while in
adjacent traffic lanes, vehicle speed change during test article collision should be
less than 15 mph and the exit angle from the test article should be less than 60%
of test impact angle, both measured at time of vehicle loss of contact with test

device.

A Vehicle trajectory behind the test article is acceptable.”

Both tests 491 and 492 met criterion H above. Criterion I applies to test 492 only and based on
an exit speed of 52.6 kmyhr (32.7 mph), the test did not meet this criterion since the change in
speed was 23.6 mph. The most likely reason for this speed change was the snagging of the right
front wheel on the I-beam anchor. This bent the front wheel and greatly increased the drag force
on the vehicle. Regardless of speed change and exit angles, the barrier demonstrated its ability to
retain a vehicle under very severe impact conditions. Criterion J was successfully met in both

tests.

NCHRP Report 230 (3) stresses that “trajectory evaluation for redirectional type of tests is
focused on the vehicle at the time it loses contact with the test article, and the subsequent part of

the trajectory is not evaluated”.
535 Comparison With Other Terminal Designs
The concept of this barrier design is similar to the Narrow Connecticut Impact Attenuation

System (NCIAS), a proprictary design developed by Jack Carney of Vanderbilt University in co-
operation with the Connecticut DOT, and marketed by Syro Steel Company of Girard, OH. The

www . fastio.com
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NCIAS design utilizes eight 0.91-m (36-inch) diameter steel pipes which are 1.22 m (48 inches)
high. 'I:‘he cylinders are anchored to a concrete pad. A wire rope is used to provide lateral rigidity
during':'impacts. The system has an anchored back-up structure, hence it can be used in front of
‘any nartow hazard, not just as a thrie beam terminal.
One significant problem with the NCIAS (as well as the tested design) is its repair requirements.
After an impact, the crushed steel pipes have to be replaced. This requires some heavy
equiprﬁent capable of lifting the pipes (aprox. 455 kg or 1000 Ib for all nine pipes) and carrying
them a;?vay. Not only is this équipment not readily available, but the repair operation would

require at least one lane closure (maybe 2 lanes in a gore area).

- Two other devices which are specifically intended for use as thrie beam barrier terminals are the
SENTRE and TREND systems which have been approved for use on California highways.
Thcse_ére both proprietary systems developed by Energy Absorption Systems, Inc. of Chicago,
IL. The SENTRE is designed for installation on the end of a W-beam or thrie beam guardrail.
The SENTRE unit consi:sts of interlocking, telescoping thrie beam fender panels attached to steel
wide fléngc, slip-base posts, plus sand containers and a ground level redirecting cable. A tension
cable 1s required to anchor the guardrail at the point of connection to the SENTRE. The TREND
consié.tg of a series of thrie beam fender panels, support posts with slip bases, and sand filled
boxes that help to dissipate the collision energy (very similar to the SENTRE design). An angled
redirecﬁng cable directs the nose of the vehicle laterally away from the hard point. The TREND
require§ a concrete pad and anchor. The system length of 19 feet may be a reasonable solution
for shiélding the end of a bridge rail or abutment where there is not enough room for a standard
bridge i"c“ipproach guardrail. Both the SENTRE and the TREND have many parts. They both
requre :'Speciﬁc torques on the clamping bolts for the steel post slip bases. This requires a special
tool (a.itorque‘wrench), and careful tightening of clamping bolts. This adds one extra level of

skill to maintenance work beyond merely tightening bolts. These terminal designs were
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developed during the time the Caltrans thrie beam terminal was being designed and tested.
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APPENDICES

A. TEST VEHICLE EQUIPMENT AND RAIL GUIDANCE SYSTEM

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

www . fastio.com

The gas tanks on the test vehicles were disconnected from the fuel supply line and
drained. Shortly before the test, dry ice was placed in the tanks of the test
vehicles as a safety precaution to drive out the gas fumes. A 3.78-L (one-gallon)

safety gas tank was installed in the vehicles and connected to the fuel supply line.

‘Six 12-volt wet cell motorcycle storage batteries were mounted in the vehicle.

Two supplied power to a high-speed camera and lamps located inside the vehicle.
Another pair of batteries operated the solenoid-valve braking system and other
test equipment in the vehicle. The third pair of batteries powered the PACDAS

data acquisition system.

The gas pedal was linked to a small cylinder with a piston which opened the
throttle. The pistoﬁ was started by a hand thrown switch on the rear fender of the

test vehicle. The piston was connected to the same CO2 tube used for the brake

system, but a separate regulator controlled the pressure.

A speed control device connected between the negative side of the coil and the
vehicle battery regulated the speed of the test vehicle based on speedometer cable
output. This device was calibrated prior to the test by conducting a series of trial
runs through a speed trap composed of two tape switches set a known distance

apart and connected to a digital timer. The speed regulator could not be used for
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Test 492 because the test vehicle had a digital speedometer, hence it was
incompatible with our speed regulator. Trial runs were performed before the test
to find the distance required for the vehicle to achieve impact speed based on

maximum vehicle acceleration.

A rail guidance system directed the vehicle into the barrier. The guidance rail,
anchored at 25-foot intervals along its path, was used to guide a mechanical arm
which was attached to the left front wheel of the vehicle. A rope was used to

trigger the release mechanism on the guidance arm, thereby releasing the vehicle

from the mechanical guidance before impact.

A’ microswitch was mounted below the front bumper and connected to the ignition
sjrstem. A trip plate on the ground near impact triggered the switch when the car
passed over it, thus opening the ignition circuit and cutting the vehicle engine

before impact.

" A solenoid-valve actuated CO2 system controlled remote braking after impact or

emergency braking any other time. Part of this system was a cylinder with a
piston which was attached to the brake pedal. The pressure operating the piston
was set during tnal runs to stop the test vehicle without locking the wheels. When

activated, the brakes were applied in less than 100 milliseconds.

The remote br?ﬂces were controlled at the console trailer. A cable ran from the

console trailer to the electronic instrumentation trailer. From there, the remote

brake signal was carried on one channel of the tether line which was connected to

the test vehicle. Any loss of continuity in these cables would activate the brakes
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and cut off the ignition automatically. Also, if the brakes were applied by remote

control from the console trailer, the ignition would automatically cut off.

Figures Al and A2 on the following pages show the vehicle dimensions. Dimensions were

measured.
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Figure Al: Vehicle Dimensions, Test 491
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Figure A2: Vehicle Dimensions, Test 492
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B. PHOTO - INSTRUMENTATION

Several high-speed movie cameras recorded the impact during the crash test. The types of

cameras and their locations are shown in Figure B1.

All of these cameras were mounted on tripods except three cameras that were mounted on a 10.7-

m (35-foot) high tower directly over the point of impact on the test barrier,

These cameras were connected by cables to a console trailer near the impact area which
contained eight 12-volt batteries. Most of the cameras were turned on remotely from a control
panel on the trailer. The test vehicle and test barrier were photographed before and after impact
with a normal speed movie camera, a black and white still camera and a color slide camera. A

film report of this project has been assembled using edited portions of the movie coverage.

Following are the pretest procedures that were required to enable film data reduction on a Visual

Instrumentation Corporation Model 1214A Motion Analysis System:

- Butterfly targets were attached to the top and sides of the test vehicles. The target
locations are shown in Figures Al and A2. The targets established scale factors
and horizontal and vertical alignment. The test barrier was targeted with black

and white tape also.
- Flashbulbs, mounted on the test vehicle, were electronically flashed to establish
(a) initial vehicle to barrier contact, and (b) the application of the vehicle brakes.

The impact flashbulbs have a delay of several milliseconds before lighting up.

- Five tape switches, placed at 3.05-m (10-foot) intervals, were attached to the

www . fastio.com


http://www.fastio.com/

APPENDIX B (Continued)
Page B2

ClibPDFE - Wiy fastio.com

ground perpendicular to the path of the impacting vehicle near the barrier. Flash
bulbs were activated sequentially when the tires of the test vehicle rolled over the
tape switches. The flashbulb stand was placed in view of most of the data
cameras. The ﬂashing bulbs were used to correlate the cameras with the impact
events; and to calculate the impact speed independent of the electronic speed trap.
The tape switch layout is shown in Figure B2. All high-speed cameras had timing
light generators which exposed red timing pips on the film at a rate of 1000 per

second. The pips were used to determine camera frame rates and to establish

time-sequence relationships.
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/ oo |

®

TEST BARRIER

+Y

Ohn
— / w
POINT OF IMPACT
@
D®

lCam. Film Camera Coordinates (m) I
No. | mm Film Rate Test 491 Test 492 |
Type (frames/sec)| X Y X Y |

1| 16}Redlake - Locam 400 na na| 60.96 na

2| 16{Redlake - Locam 400 -4.421 1993} -15.85} 32.31}

31 16|Redlake - Locam 400| -23.871 9.66| -41.45}] 30.48

4] 16]Redlake - Locam 400| 26.03| 0.00| -87.48| 0.00

5| 16}jRedlake - Locam 400 0.00] -14.66| -6.10|-24.69

6| 35|Hulcher 35 201 3.57|-19.23 na na
7IVHSIVHS Video Camera 5.36| -19.23 na na

8] 16}Photosonics 400 -0.30 1.37| -0.30G; 0.00

9] 16}Redlake - Locam 400 . 0.001 1.37| 0.00} 0.00

10] 16}Photosonics 4001 0.30] 137 030} 0.00
11] 16}Redlake - Locam 4001 1.37] -14.90 na na

vww . fastio.com

Figure B1: Camera Layout
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" - Tt — — 7T = ““'_"“_“‘_‘]
BN e
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"'MACT / l___ =4 .!
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Figure B2: Tape Switch Layout
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C. ELECTRONIC INSTRUMENTATION AND DATA

Three unbonded strain gage accelerometers (Statham) measured acceleration in the longitudinal, -
lateral and vertical directions. They were near the longitudinal and lateral center of gravity of the
vehicles. These accelerometers were mounted on a small rectangular steel plate which was
bolted to another steel bracket that was welded to the floorboard. Figures Al and A2 show the
location of these accelerometers. Table Cl gives information on the accelerometers and rate

gyros used. Figure C1 shows the sign conventions for the vehicle accelerometers.

TYPE LOCATION RANGE ORIENTATION
STATHAM VEHICLE C.G. 100 G LONGITUDINAL
STATHAM VEHICLE CG. 100G LATERAL
STATHAM VEHICLE CG 506G VERTICAL

HUMPHREY VEHICLE C.G. 180 DEG/SEC ROLL
HUMPHREY VEHICLE C.G. 90 DEG/SEC PITCH
HUMPHREY VEHICLE C.G. 180 DEG/SEC YAW

Table C1: Accelerometer And Rate Gyro Data

www . fastio.com
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+Z

ngure C1: Vehicle Acceleration Sign Convention

Data from the accéle_rometers in the test vehicle were transmitted through a 304.8-m (1000-foot)

Belden number 8776 umbilical cable connecting the vehicle to a 14 channel Hewlett Packard
3924(?; "magnetic tape recording system. This recording'system was in an instrumentation trailer
at the ji‘fest contr_ol'area. The accelerometer data were also recorded on a Pacific Instruments
digitalj‘;data recdrder (PACDAS) which was mounted in the vehicle, The PACDAS data were

reduced using a microcomputer.

Three 'prcssure-activated tape switches were placed on the ground in front of the test barrier.
They \gz:ere spaced at carefuﬂy measured intervals of 3.7 m (12 feet). When the test vehicle tires
inassed' over them, the switches produced sequential impulses or "event blips" which were
record;d concurrently with the accelerometer signals on the tape recorder and served as “event
markers”. These signals were also transmitted back to the PACDAS through the umbilical cable.
A tape_" switch on the front bumper of the vehicle closed at the instant of impact and activated

flash bulbs mounted on the vehicle. The closure of the bumper switch also put a "blip" or "event
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marker” on the recording tape and PACDAS. A time cycle was recorded continuously on the
tape and PACDAS with a frequency of 500 cycles per second. The impact velocity of the
vehicle could be determined from the tape switchrimpulscs and timing cycles. Two other tape
switches connected to digital readout equipment were placed 3.7 m (12 feet) apart just upstream
from the test barrier specifically to determine the impact speed of the test vehicle immediately

after the test was completed. The tape switch layouts are shown in Appendix B in Figure B2.

The data curves are shown in Figures C2 through C11 and include the accelerometer and rate
gyro records from the vehicle for Tests 491 and 492. They also show the longitudinal velocity
and displacement vs. time. These plots were needed to calculate the occupant impact velocity

defined in (4). All curves were calculated using the PACDAS.
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Test #4914 Thrie Beam End Ter Date: 4/29/892
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Figure C2: Test 491 - Vehicle Accelerations
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Figure C3: Test 491 - Vehicle Accelerations
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Test #4914 Thrie Beam End Ter Date: 1/29/92
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Figure C4: Test 491 - Vehicle Accelerations
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Test #452 Thrie Beam End Ter Date: 9/46/82
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http://www.fastio.com/

ClibhPDF -

APPENDIX C (Continued)
Page C13

Test #482 Thrie Beam End Ter Date; 9/16/32
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The océ;upant impact velocity is theoretical; however, on the plot of distance vs. time, the curves
can be Visualized as representing the car windshield and the driver's head. It is assumed that the

head starts out two feet (0.6m) behind the windshield. The point where the curves cross

_represéiits the ifnpact between the head and the windshield because the windshield has slowed

down ffom the impact velocity, but the head has not. The time when the windshield/head impact

OCCUTS (ratﬂe space time) is carried to the plot of velocity vs. time. The occupant impact velocity

is the dlfference between the vehicle impact velocity and the vehicle velocity at the end of the

Tattle space time.

The vehicle accelerometers were used in determining the occupant impact velocity.

‘Rate gyros were mounted next to the vehicle accelerometers. They measured the rate of angular

change’j" (angular velocity) of the vehicle in the roll, pitch, and yaw directions. Table C1 gives

"_informétipn on the rate gyros used. Figure C1 shows the sign convention for the rate gyros. The

~data from these transducers were transmitted on the same umbilical cable as the vehicle

acceleromcters and were also recorded on PACDAS. The rate gyro data were integrated to

obtain : a curve of angle posmon versus time after impact so the maximum value of roll, pitch and

. yaw could be determined.
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Page D1

D. TEST BARRIER MATERIALS TESTS

The materials used in the construction of both barriers were tested for compliance with ASTM,

AASHTO or Caltrans requirements. Following is a list of items which were tested successfully

and the testing standard which was used:

1- 3/4” cable / 1/4” cable
2- 3/4” threaded steel rod
3- Thrie beam panel

4- 15" steel tube

5- Steel guide plates

Caltrans Standard Specification 83-1.02B (5)
ASTM A-449

AASHTO M-180

ASTM A-36

ASTM A-36

The concrete used during the construction was also tested for static strength according to ASTM

C-39, the results of which are given below:

Age (days) Static Strength
| (MPa / psi)
3 15.1/2190
7 21.6/3140
14 24.7 /. 3580
28 33.0/4780

The concrete was 7 months old for test 491 and 15 months old for test 492,

www . fastio.com
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E. THRIE BEAM TERMINAL DRAWINGS

The following pages show the drawings of the test barrier.
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 APPENDIX F
Page F1

F. COMPUTER PROGRAMS

Following is the computer program, written in DOS BASIC, used for the design of the crushable

CMB’s:

10 KEY OFF
. 20 REM
. 3@ REM

49 REM

5@ REM

60 REM [ 1

70 REM [ THRYE BEAM TERMINAL MODEL graph version ]

80 REM [ ]

9B REM

102 CLS

112 ON ERROR GOTO 9eve

12@¢ LOCATE 18,28

13¢ COLOR 8,7

140 PRINT "

150 LOCATE 11,28

16@ PRINT " THRIE BEAM TERMINAL "

178 LOCATE 12,28

180 PRINT " MODEL "

198 LOCATE 13,28

28@ PRINT " "

210 COLCR 4,0

220 PLAY "mf t240 o4"

223 PLAY "¢ p4 03 gmb o4 c p4 03 g o4 c 03 g o4 ceg"

258 CLS

268 DEFINT A,B,I,N,Z

278 DEFDBL D,K,V

230 REM

290 REM INSTRUCTIONS AND DESCRIPTION

320 REM

310 PRINT “THRIE BEAM TERMINAL MODEL"

320 PRINT * This program models an energy absorbing terminal intended for”

330 PRINT “ use with a thrie beom rail. The energy absorbing elements are”

349 PRINT " braced corrugated metal pipe segments of varying lengths. The"

352 PRINT * length (6 to 48 inches), pipe gouge (12, 14, or 16) and"

362 PRINT " double bracing angle (@ to 3@ degrees or none) are “

370 PRINT " specified by the user. At various steps the design is presented "

38¢ PRINT " on the screen to be checked for correctness. Oppertunity for

39@¢ PRINT " making chonges are offered.”

422 PRINT

485 PLAY "p2 f p4 df p4 dfde3 b o4 d 03 g"

412 PRINT "  The model terminal is then subjected to a impact by a large(45884)"

420 PRINT " and a small (188@#) car at 62 MPH. Velocity, displacement,"

. 43@ PRINT " and acceleration are monitored for the duration of the impact.”

: 442 PRINT "  Occupant impact velocity, peak 5@ milisecond acceleration, ride-"
452 PRINT " down acceleration, average acceleration, and impact durgtion are"
460 PRINT " among the printed output. Answers are sent to both the screen”

R 470 PRINT " and the printer (if connected and turned on).
488 PRINT

485 PLAY "116 gab o4 cc n@”
490 PRINT “ A LOTUS compatable output file is crected for making a plot of"”

508 PRINT " the acceleration, velocity, and distance vs. time.
51@ PRINT

515 PLAY "14 c.edcc 18 o3 b.b"

520 REM

53@ REM

548 REM list and deffinition of variables

55¢ REM arrays

56¢ DIM PIPE(&,66) 'Strength data for each bracing configuration
570 DIM PIPSTREN(2¢,66) 'strength data for each model pipe specified
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Page F2

580 DIM A!(1320) "instantanious acceleration array
S99 DIM D!(1320) *instantanious distance traveled array
620 DIM STRENGTHFACTOR(28)'factor for each segment reflecting selected gauge
610 DIM STRENGTH(3D 'factor of strength for each gauge
620 DIM T!(1320) ‘accumilated time array
3@ DIM VI{132@) ‘instantanious velocity array
648 DIM .GAUGES(20) 'selected gouge for pipe I
658 DIM GAGES(3) 'each possible gauge
6608 DIM LENGTH(Z2) ‘length of pipe I
665 DIM ABC(Z®) 'subscript for goge$ of pipe
670 DIM ANGLES(22) 'selected bracing configuration for each pipe I
675 DIM BRACE(Z@) 'subscript for braceang$ of pipe
680 DIM BRACEANGS(G) ‘each possible bracing configuration
6590 DIM INC(20) 'index of increment of Ith segment

708- A=1 - 'While loop togle

720 ABCS="" *input for gaouge choice

730 ANS = 0¥ ‘input$ answer (y or n)

758 BRACE$= "" "input for bracing choice

768 CRUSH = @ *amount of crush at maximun load

776 DE =0 “ "change in kinetic energy due to crushing half inch

780 CARWT=1800
790 EFFLEN = @
820 ENERGY = @
810 G = 32.174
820 GOODS = "no”

'weight of car under deceleration

'effective length of pipe considering overlap at joint
'energy absorbed to pipe crush 75%

‘acceleration due to gravity

'While loop tegle

830 I =1~ 'for-next loop counter

849 IMPFAC! = 1.7 'factor to account for high strain rate

85@ INC =0 'for next counter representing incremental crush
862 KE =402 'kinetic energy of car

870 KENEW=3999
880 LASTABC = @
899 LASTBRACE = @ -
., 9@Q LENGTH = 0
918 LENFAC = @
920 MAXLOAD = @
93g N =@ -
940 STRENAVG = @
950 TITLES = "*

'kinetic energy after crushing half inch of segment
'previous value for ABC

'previous value for brace

'length of current pipe segment

“*length adjustment factor for current pipe

"maximum load for curent pipe segment
"number of pipe segments selected
‘average strength over current increment
'FILE NAME FOR DATA CUTPUT

960. Ve = 88 *initial velocity of car

978 V ="88 ‘instantanious velocity of car
932 VYNEW = 87 'next velocity of car

992 X§ =" 'dummy input$ argument

1080 Z = @

'WHILE loop toggle
1885 IF R$="y" OR R$="Y" THEN 1358
1016 DATA "16 gauge”,"14 gauge”,"12 gauge"
102G DATA. "no™,"38 degree”,"25 degree”,"2@ degree",”19 degree”,"® degree”
103¢ FOR-I =1 70 3
1@42 READ GAGE$(ID
1058 .NEXT I
1066 FORI =1T0 6
1370  READ BRACEANGH(ID
1080 NEXT I
1899 REM-«- .
.110% REM. read pipe data from data file
. 1110 REM ‘
112@ OPEN "I",#2,"PIPEDATA.DAT"
1130 INPUT #2,X$ g
1146 FOR I = 1.T0 3
1158 - INPUT #2, STRENGTHCID
1168 NEXT I
117@ LINE INPUT #Z,X$
118¢ FOR'INC = @ TQ &6
118¢ " FORI =1 TO 6
12e0 7 INPUT #2, PIPECI,INC)
1218 NEXT I -
1220 NEXT INC®
123@ CLOSE'#2 .
1249 PRINT “press any key to run progrom or <Ctrls><Breale to stop”
125¢ SOUND 1259,1 : SOUND 950,2 :SOUND 12088,2
1268 REM
1278 REM begin input to run program
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1280
12909
1308
1318
1320
133e
1340
1345
1350
1355
1360
" 1370
1380
1390
1400
1410

1420

1430
1440
1450
1460
1470
1478
148@
1490
1500
1518
1528
1530
1548
1559
1568
1578
1580
1598
1608
16108
1615
1620
1630
1642
1659
lcee
16792
1680
1690
1708
1712
1720
1739
1748
1758
1760
1765
1778
. 178a
179¢
1798
18@@
. 1819
1829
1825
1826
1827
1828
1829
1830
1831
1832
1833
1834

REM
DATA 1,2,3,4,5,6,"","","",@
FORI =1T0O 10
READ X%
KEY 1,X3%
NEXT T
X$ = INPUT$(1) ‘control to begin program
IF ASCCX$)=2 THEN 2095
SCREEN 8,0,0 : WIDTH 8@
WHILE LEN(TITLE$)<1
CLS
LOCATE 11,5
PRINT "A name is needed to save the dota file under. It must be under”
LOCATE 12,5
PRINT “eight characters long. Data is saved on disk drive 'A', be sure”
LOCATE 13,5
PRINT ™to have a disk ready in drive A."
LOCATE 15,5
INPUT "Enter the nome of this run.";TITLE$
IF LENCTITLES)<1 THEN SOUND 108,5
WEND
FILE$ = "A:"+TITLES+".PRN"
LPRINT CHR$(13);DATES; SPACES(33); TIMES
LPRINT " THRIE BEAM TERMINAL MODEL",CHR$(13),CHR3(13)
LPRINT "The data from this run are stored in the file ";TITLE$;".PRN"
QPEN "0Q",#3,FILES
REM
REM [
REM [ GENERATE MODEL OF TERMINAL |
REM [_ 1
REM
CLS
GOSUB 4568 ' input data from previous run
LOCATE 7,7
WHILE N=@
INPUT "How many pipe segments are in this terminal”;N
IF N<1 QR N>Z@ THEN PRINT "There must be from 1 to 20 segments”:SOUND 99,5,5:G0T0Q 1609
GOSUB 4808
FORI =1TON
GOSUB 3009 'pipedate entry subroutine
NEXT I
WEND
WHILE Z=0
CLs "display data as entered for entire terminal
PRINT :PRINT :PRINT .
PRINT "  Segment Gauge Bracing Length”
PRINT :
FORI=1TON
ANGLES(I) = BRACEANG$H(BRACE(ID)
GAUGES(I) = GAGESCABC(I))
PRINT USING * #H AN AN N, #7;T GAUGES(T), ANGLES(T), LENGTHCT)
NEXT I
PRINT
PRINT "Average steel weight added to each pipe is”;STEEL;"1bs. Enter ’s' to change it"
PRINT
PRINT "Any changes?”
X$ = INPUTSHCL)
IF X$="s" OR X$="5" THEN GOSUB 4880

IF X$="N" OR X%="n" THEN Z = 1 : GOTO 182@
IF X3="y" OR X3$="Y" THEN GOSUBR 2600
WEND
s
LOCATE 7,7
PRINT "Which do you wish to run?"
PRINT " 1. 1800# and 4500# cars at 6@ mph
PRINT " 2. Custom size and speed of cars
PRINT " 3. Both of the above
X$ = INPUTSCLD

IF X$="1" THEN R}
IF X%="2" THEN R$
IF X$="3" THEN R%

nen
"ee
"pe
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1835 IF VAL(X$)<1 OR VAL(X$)>3 THEN SOUND 185,5 : GOTO 1827
1840 GOSUB 4602 ' output terminal data this run

1850 BEGINS = TIME$ '

1868 PLAY "mb 18 ccon@cec”

1865 CLSH

187@ GOSUB 4728

1880 FORI =1 TO N

1898 - GOSUB 4008

1988 NEXT I

192@¢ REM

1930 REM.  set weight and velocity for small and large car
1940 REM --- -
1945 IF R$ ="c" THEN X$="y" : GOTQ 2070

1950 CARWT = 18060 : C=3

1560 VB = 88

1970 GOSUB 5o@2e

1980 PLAY. "mb 18 gaacc”

1992 CARWT 4508 : C=1

2009 vo. = 88

2010 ‘GOSUB 5080

20828 ENDTS = TIMES

2032 PLAY "mb 18 cag"

2046 PRINT “Thlnk1ng took from “; BEGINS," to ";ENDT$;"."
2845 IF R$="s" THEN 2693

2056 PRINT "Do you wish to run a custom size and speed?”
2068 X$ = INPUTS(1) : _

2078 IF X3 ="y" OR X$="Y" THEN GOSUE Z5ed

2080 IF X$= "N" OR X$="n" THEN 2093 ELSE SOUND 1@@,5 : GOTO 2059

289e (LS

2093 CLOSE

2094 LPRINT CHRSCIZ)

2095 COLOR 14

2@96 PRINT ™ Do you wish to run this program again?”
210@ R$ = INPUTS(1) : COLOR 12:CLS

2118 IF R$ ="y" OR R$="Y" THEN GOTO 780

2126 IF R$= "N" OR R3="n" THEN END ELSE SOUND 10,5 : GOTO 2295

2130 REM [***+* *xan]
2140 REM [ end of program 1
215¢ REM [ . wer)
2160 REM: .

217e REM SUBROUTINES

2180 REM, ——m—mmmeeme

2198 'draw graph

2209 SCREEN 1,0 : LINE (39,8)-(30,178)

2218 LINE -(3192,178)

2228 FOR: X = 65 TO 332 STEP 35 ; LINE (X,166)-(X,17@) : NEXT X
2230 FOR'Y =132.5 TO @ STEP -37.5 : LINE (30,INTCY))-(34,INT(Y)) :
2249 LOCATE 3,2 : PRINT "2@" : LOCATE 12,1 :PRINT "acc" : PRINT "(g)"
225¢ LOCATE 23,18 : PRINT "time (sec)":LOCATE 23,38 : PRINT ".8"

2260 LINE (3@, 170) (30, 1?@) RETURN
2470 REM
2480 REM input a custom carwt and v@
249@ REM '
2500 INPUT "what is your speed in miles per hour”;Ve
251¢ INPUT “what is your car weight in pounds";CARWT
252¢ Vo = V@*5280/3662

2532 GOSUB 5880

2540 RETURN

2578 REM
2580 REM: correction routine

2590 REM o
2682 PRINT

2616 X$=""

262@ INPUT "Which segment do you want to correct? {enter '@' to change the number

2632 IF:I<@ OR I>N THEN SOUND 168,5 : GOTO 2620
2640 IF;I=B THEN INPUT “How many segments”;N ELSE GOSUB 3@ee

265@ RETURN

2950 REM

2960 REM [ ]
2970 REM [ input pipe segments subroutine ]

2980 REM [ : ]

NV M Sto.com
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299¢ REM

3¢8@ GOODS = "no"
301¢  WHILE G0OD$ = "no”

3029
3030
3040
3042
3044
3046
3059
3660
3065
3970
3080
3092
3100
3118
3120
3130
3140
315Q
3160
317@
3180
3190
3200
3218
322@
3236
3249
3250
3269
3279
3280
3299
33e9
3310
3320
3330
3340
3350
3360
3370
3380
3390
3400
3410
3420
3430
3440
3450
3455
3460
3470
3480
3490
3500
3519
3520
3538
3549
3552
3568
3578
3582
3590
3600
3618
3620
363¢
3640

ENERGY = @
MAXLOAD = @
A=1
IF LASTABC=# THEN LASTABC = ABC(I)
IF LASTBRACE=0 THEN LASTBRACE = BRACE(I)
IF LASTLEN=G THEN LASTLEN = LENGTH(I)
WHILE A=l
COLOR 1@
CLS
PRINT:PRINT:PRINT:PRINT :PRINT:PRINT:PRINT
PRINT TAB(15);"1. 16ga”
PRINT TAB(15);"2. l14ga”
PRINT TAB(15);"3. 12ga”

PRINT

PRINT " Select gauge for pipe segment ";I;"."
PRINT : PRINT : COLOR 14

IF I»1 THEN PRINT " <F1@> for ";GAGE$(LASTABC)

ABCS = INPUTS(1)
IF ASCCARCS)>47 AND ASCLABC$)<52 THEN ABC(I)=VALCABCS):A=B ELSE SOUND 1€1,5
IF ABC(I)<@ THEN ABC(ID} = LASTABC
WEND
LASTABC = ABC(ID
STRENGTHFACTOR(I) = STRENGTHCABC(I))
GAUGESCL) = GAGESCABC(I))
WHILE A=0
CLS : COLOR 1@ )
PRINT:PRINT:PRINT:PRINT :PRENT:PRINT:PRINT
PRINT TAB(13);"1. No Bracing”
PRINT TAB(13);%2. 3¢ degrees”
PRINT TAB(13);"3. 25 degrees”
PRINT TAB(13);"4. 20 degrees”
PRINT TAB(13);"S. 106 degrees”
PRINT TAB(13);"6. @ degrees"
PRINT
PRINT "Select the bracing angle for segment #";I;"."
PRINT : COLOR 14
IF I»1 THEN PRINT " <F1@> for ";BRACEANGSCLASTBRACE)
BRACES = INPUT$(1)
IF ASCCBRACES)>47 AND ASC(BRACE$)<55S THEN BRACE(ID=VAL(BRACES):A=1 ELSE SOUND 100.5,5.5
IF BRACE(I)=0 THEN BRACE(I) = LASTBRACE ELSE BRACE(I) = BRACE(I)
WEND
ANGLE$(I) = BRACEANG$CBRACECI))
KEY 18,"["+CHR$C13)
CLS
LASTBRACE = BRACE(I)
LOCATE 5,7
WHILE A=1
COLOR 1@
‘PRINT "How long is pipe segment #";I;" in inches?”
PRINT : COLOR 14
IF I»1 THEN PRINT * <F10> for ";LASTLEN
INPUT LENGTHS
IF LENGTH$="[" THEN LENGTH = LASTLEN ELSE LENGTH =VAL(LENGTHS$)
IF LENGTH<4 OR LENGTH»>48 THEN CLS:SOUND 182,6;PRINT "Length out of range. Try again.” ELSE A =0
LENGTHCID) = LENGTH
WEND
LASTLEN = LENGTH
CLs .
KEY 1@,"9"
GOSUB 40e9
CLs
LOCATE 8,1
PRINT " Pipe segment #";I;" has been selected as ";GAUGES(I);" with ";ANGLES(I);" bracing.”
PRINT
PRINT " The specified length is";LENGTH;"inches, yielding an effective length of”;EFFLEN;"."
PRINT
PRINT " The peck load is";MAXLOAD;"at ";CRUSH;"inches.”
PRINT
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3658 “PRINT " The energy absorbed at 75% crush is " ;ENERGY;" ft-lbs."

‘3660 ; PRINT : PRINT :PRINT

3676 WHILE A-9 :
3680 COLOR 12: SOUND 988,1:SOUND 1322,1 : SOUND 745,1

3692 ' PRINT "Is this what you want?"

3700 . ANS = INPUTS(1)

3718 - IF AN$="Y" OR ANS="y" THEN GOOD$ = "yes":A = 1
3720 IF AN$="N" OR AN$="n" THEN GOOD$ = "no" :A =1
3738  WEND

‘3740 WEND

3750 RETURN

3570 REM.

3988 REM. generate pipe strength

3990 REM

43080 " LOCATE 12,3@:COLOR 24,T

4910 “PRINT "THINKING"

4020 -COLOR 12,0

4038 ", STRENGTHFACTOR(I) = STRENGTHCABC(I)D

4049 T EFFLEN = LENGTH(I) . -

4252 ~IF LENGTH(I) = 48 THEN EFFLEN = LENGTH(I) + 4

4260 'IF LENGTH(I)»>26 AND LENGTH(I)<48 THEN EFFLEN = LENGTH(I) + 2
4978 LENFAC! = EFFLEN / 26 ’

4880 . FOR INC =@ TO 66

4090 PIPSTRENCI,INC)= STRENGTHFACTOR(I) * LENFAC! * IMPFAC! * PIPE(BRACE(ID,INC)

41008 - IF INC>@ THEN STRENAVG = (PIPSTRENCI,INC)+PIPSTREN(I,INC-1))/2 ELSE STRENAVG = @

4118 - IF INC<55 THEN ENERGY = ENERGY + (STRENAVG * (.5/12) )

4120 " IF INC<4® THEN IF PIPSTRENCI,INC)>MAXLOAD THEN MAXLOAD = PIPSTRENCI,INC) : CRUSH = INC/2
4130 <NEXT INC

4140 RETURN

4470 REM:

4480 REM:input previous terminal data

4490 REM -

4599 OPEN "i",#2,"lastrun.tbt”

- 4518 INPUT #2,N,STEEL

4520 FOR I = 1 TO N
4533  INPUT #2,ABC(I),BRACECI),LENGTHCI)
4548 NEXT I

' 4558 CLOSE #2

4568 RETURN
457@ REM"
4588 REM - output terminal data

459¢ REM -

4680 OPEN “0",#2,"lastrun,tbt"

461@ PRINT #2,N,",",STEEL

4620 FOR I=1 TO N ‘

4630  PRINT #2,USING™#_,# ,## ## ":ABC(I),BRACE(I),LENGTH(I)
4649 NEXT I

- 4658 CLOSE #2

4950 REM
"4960 REM [

www . fas

4668 RETURN
4670 REM
468@ REM QUTPUT DATA TC PRINTER
4699 REM
4708 LPRINT "  Segment Gauge Bracing Length"”
4718 LPRINT ’

4728 FORI<=1TON

473@ LPRINT USING " #H NN N N\ #E.#";I,GAUGES(I), ANGLES(T), LENGTH(I)
4743 NEXT I )

4759 LPRINT

4762 -LPRINT

4772 RETURN

4gee Qs ' - - -

4810 INPUT "What is the weight of the steel in the average segment™;STEEL

4820 RETURN ’

. ]
4970 REM-[ Termingl. Crushing subroutine -]
4980 REM [ ]
4999 REM
5008 FOR I=1 TO N
5918 INC(I) =1
5022 NEXT I

0.Com
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5@38 PRINT #3,CHR$(34)+"car wt. ="+CHR$(34),CARWT,CHRS(34)+" V@ ="+CHR$(34),v@

5042
5858
5268
5079
508@
5090
5129
5110
5128
5139
5148
5143
5158
516@
5170
5180
5190
5200
5210
5220
5230
5240
‘5258
5269
5278
5288
5298
5308
5310
5329
5339
5340
5359
5360
5378
5380
5390
5400
5410
5420
5430
5433
5435
5440
5450
5460
5470
5472
5475
5478
5479
5480
5498
5508
551@
5529
553@
5549
5558
5560
5570
5575
5577
5580
5970
5980
5990
6000
6010
6620

LPRINT : LPRINT
LPRINT " car wt, =";CARWT," V@ =";V@
PRINT #3,CHR$(34)+" time"+CHR$(34),CHRS(34)+ "acceleration +(HRS(34);

LPRINT
PRINT #3,CHR$(34)+"velocity"+CHRS(34), CHRS(34D+"distance"+CHRI(34)
A=8
Ig=0
DIST =0
T=0
vV =Ve
IN=10
GOSUB 2200
WHILE V>@ AND IN<G6*N+1
KE = V*V*CARWT/2/G
WEAKINC = 100000!
FORTI =1TON
IF INC(I)>66 THEN 5230
J = INCCI) -1
STRENT =.5*PIPSTREN(CI,])+.5*PIPSTRENCI, INC(ID))
IF STRENT <WEAKINC THEN WEAKINC = STRENT : SEGMENT =1
NEXT I
INC{SEGMENT) = INC(SEGMENT) + 1
DE = WEAKINC*.5/12
KENEW = KE-DE
IF KENEW< THEN KENEW = @
DIST = DIST+.5/12
VNEW = SOR(Z*G*KENEW/CARWT)
GOSUB 7208
DT = 1/(12*(V+VNEWD)
T=T+ DT
AVGACC! = (V@-VNEW)/T/G
ACC! = (V-VNEW)/DT/G

V = VNEW
TICN) =T
VICIN) = V
ALCIN) = ACC!
DICIN) = DIST

LINE -(INT(30+7/.8%280),INT(170-ACCI*7.5)),C

IF A=2 THEN IF V@*T-DIST »>= 2 THEN OIV = V@8-V : A=l :0ID =DIST:0IT=T
IN = IN+1

WEND

IN = IN-1

LOCATE 1,2

PRINT USING "Occupant Impact Velocity is ##.###fps”;0IV : LOCATE 2,2

PRINT USING “and occured at t=#.##% sec and d=##, #ft";0IT,0ID
LPRINT "Occupant Impact Velocity is"3;0IV;"feet per second”

LPRINT "Occupant impact occured at t=";0IT;"sec. and d=";0ID;"feet.”
LPRINT

LPRINT USING "Total penitration into terminal is ##.## Feet,";DIST
LPRINT USING "

LPRINT

REM

REM calculate ride down acceleration
GOSUB 6228

LPRINT

REM calculate maox 5@ ms acceleration
GOSUB 6508

REM

FORI =@ TO IN

PRINT #3,T!CI),AICI),VICD),DICT)
NEXT. I
PRINT #3,""
ERASE T1,A!,VI,D!
RETURN
REM
REM 'Ride-Down' acceleration calculation
REM
LOCATE 3,2 : PRINT "Calculating ride down acceleration™
LOCATE 4,2 : PRINT USING “"testing ---- of #&h";IN
RDS = " Ride down acceleration is #.#g from t=3#.##Hi# to t=# #H# sec.”

www . fastio.com
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6030 RDA = 0

6o48 IT =20

6058 WHILE T!(IT)<DIT

6068  IT = IT+1 4
G070 WEND

6088 FOR I=IT TO IN-1

6098 LOCATE 4,10

6108 PRINT USING m#ssmsI

. 6119 IM =1

6120 WHILE TI(IM+ID-T!(I)<.0095 AND I+IM<IN-1

6130 < IM = IMsl

6340 WEND

6158 IF QvICI)-VICI+IMY)/CTICIMEID-TICI)) <=RDA THEN €190
6168 ©~ ‘ROT1 = TI(D)

6170 ‘RDT2 = TI(I+IM)

6182  : RDA = QVI(I)-VI(I+IMDY/CTI(IMAIY-TICI))

6198 NEXT I

5200 RDA'= RDA/G : LOCATE 6,2

6218 PRINT USING RD$;RDA,RDT1,RDTZ

~ 6228 LPRINT USING RD$;RDA,RDT1,RDT2

6238 RETURN

6470 REM::

6480 REM. 50 ms average acceleration calculutlon

6498 REM.-

6508 LOCATE 3,2

65085 PRINT "Calculutlng max. 5@ ms average " ' LOCATE 4,2
651@ PRINT USING "testing @ of #HHH";IN

€528 RDA =@ -

6532 MX58% =" Maximum 5@ ms acceleration is ##t.%g from t=f.#HH# to L= &H#."
6548 FOR I=0 TO IN-1 i

6550 LOCATE 4,10

6560 PRINT USING "#EHE";1

6570 iM=2

e58¢ WHILE TI{IM+ID-TI(ID«.0495 AND I+IM<IN-1

0599 - IM = IMs1

6600 WEND

6618 IF (VI(I)—V'(I+IM))/(T'(IM+I)—T'(I)) <=RDA THEN 6650
6620 “ROT1 = TI{I)

‘6630  _RDT2 = TICT+IM)

6640 JRDA = (VICT)-VICT+IM))/CTI CIMEID-TICI))

6658 NEXT I

6660 RDA = RDA/G

6665 LOCATE 8,2

6670 PRINT: USING Mx50%;RDA,RDT1, RDTZ

668@ “LPRINT USING MXSB$ RDA RDTl ROT2

6698 RETURN

699¢ REM- calculote chonge in velocity using conservation of momentum
7002 IF I8>=N*66-1 THEN RETURN

7029 I8 = I8+1

7030 ON VAL(LEFT${GAUGESCINT(I8/66)+1),2))/2-5 GOSUB 7070,7890,711@
7048 VNEW = CARWT*VNEW/CHT2+CARWT)

7858 CARWT CARWT + WT2 -

| 7068 RETURN
7070 WT2 = (49/1Z*LENGTH{INT(T8/66)+1)+STEEL)/66
7089 RETURN
7099 WTZ2'= (36/12*LENGTHCINT(I8/66)+1)+STEEL)/66
7102 RETURN
7110 WIZ.= (29/12*LENGTH{INT(T8/66)+1)+STEEL)/66
7120 RETURN
8990 REM LITIIIIII08EITLILIT error draps IUTELERELTIIELILOLLTYL

933® SOUND 111,5 : SCREEN 8,8 : COLOR 28

991¢ IF ERR = ?;. THEN CLS : LOCATE 12,5 :PRINT “"Insert disk in drive A:":LOCATE 15,5 : PRINT "Press any key to
continue™ : X$=INPUT${1) : COLOR 12 : RESUME

9020 IF ERR=72 THEN CLS:LOCATE 11,8 : PRINT "disk in drive A: not of compatoble format™ : PRINT " Insert
a properly formatted disk.” :LOCATE 15,5 :PRINT "press any key to continue™:X$=INPUT$(13: COLOR 12 : RESUME
9838 IF FRR=67 OR ERR=61 THEN CLS : PRINT "Disk capacity has been exceeded on drive A.":LOCATE 12, 5:PRINT
"Insert a new disk in drive A and rerun model.”:CLOSE:STOP

9340 IF .ERR=64 AND ERL=15@0 THEN PRINT "Bad file nome specified!{" : PRINT TAB(28),"try again....”:TITLE3="" :
COLOR 12-: RESUME 1350

9959 IF ERL=4000 THEN COLOR 24,I-15 : RESUME NEXT

9060 IF ERR = 27 THEN PRINT "Out of paper or printer not connected":PRINT “press any key when
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ready” : X$=INPUT${1) :CLS:COLOR 12 : RESUME
9070 IF ERR = 62 AND ERL = 453@ THEN N = @ : CLOSE #2 : COLOR 12 : RESUME 4560
9875 IF ERR = 53 AND ERL = 4508 THEN COLOR 32 : RESUME 4560
998@ PRINT "error code =",ERR ,"at line",ERL
9090 ERROR 18@
9100 KEY ON
RR = 53 AND ERL = 4508
¥
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