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1 INTRODUCTION

1.1 Problem Statement

South Dakota has successfully used a cable guardrail to W-beam transition for many years.
The design permits installation of a minimum amount of W-beam near the object to be protected,
and allows use of three-cable guardrail further away from the obstacle. Because the three-cable
system traps much less snow than W-beam guardrail systems, overall safety as well as economy is
much improved. The cable guardrail to W-beam transition has not been crash tested and evaluated
according to the guidelines provided in the National Cooperative Highway Research Program Report
No. 350, Recommended Procedures for the Safety Performance Evaluation of Highway Features (1),
therefore, the cable guardrail to W-beam transition must be crash tested and shown to meet current
impact safety standards in order for its use to be continued on federal-aid highways.
1.2 Objective

. The objective of this research study was to evaluate the safety performance of the South

Dakota Department of Transportation’s (SDDOT’s) cable guardrail to W-beam transition according
to the Test Level 3 (TL-3) evaluation criteria provided in NCHRP Report No. 350.
1.3 Scope

The proposed research was to begin by performing a limited, BARRIER VII computer
analysis of the existing guardrail system to determine the critical impact point (CIP) for the proposed
crash tests. The computer analysis would also be used to identify any structural weaknesses that may
existin the system. Following this analysis, if serious questions arose over the potential performance
of the system. South Dakota representatives were to be contacted for further design considerations
as well as contract modifications for any additional design effort. If these initial simulation efforts

1




predicted a reasonable probability of success. three full-scale crash tests were to be performed.
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2 BACKGROUND

In 1987, the cable guardrail to W-beam transition was successfully crash tested at Southwest
Research Institute (SWRI) according to the criteria provided by the National Cooperative Highway
Research Program Report No. 230, Recommended Procedures for the Safety Performance
Evaluation of Highway Appurtenances (2). Crash testing was successfully performed with large
passenger sedans on the transition system for impacts both upstream of the W-beam breakaway cable
terminal (BCT) and directly at the terminal end (3-5). The maximum dynamic rail deflections for
the large sedan crash tests was 1.8 m (6 ft).

In 1989, three additional crash tests were performed by SwRI on three-strand cable guardrail
supported by 6.0-kg/m (4-1b/ft) Franklin steel posts with attached soil plates according to the
NCHRP 230 safety standards (6-8). The test results revealed that a three-strand cable guardrail
system constructed on a 6:1 front slope could safely redirect large passenger sedans as well as small
cars. The maximum dynamic rail deflections for the large sedan and small car crash tests were 3.0
m (9.8 ft) and 1.9 m (6.2 ft), respectively.

More recently, the standard G1 three-strand cable guardrail system was successfully crash
tested by the Texas Transpoﬁation Institute according to the TL-3 conditions of NCHRP 350 (9).
The ¥-ton pickup truck, with a gross static mass of 2,075 kg (4,575 lbs). impacted the guardrail at
a speed of 95.1 km/hr (59.1 mph) and an angle of 26.7 degrees, resulting in a maximum dynamic rail

deflection of 2.4 m (7.8 ft).

(V5]




3 TEST REQUIREMENTS AND EVALUATION CRITERIA
3.1 Test Requirements

Longitudinal barriers, such as approach guardrail transitions, must satisfy the requirements
provided in NCHRP Report 350 to be accepted for use on new construction projects or as a
replacement for existing transition designs not meeting current safety standards. According to Test
Level 3 (TL-3) of NCHRP Report 350, approach guardrail transitions must be subjected to two full-
scale vehicle crash tests: (1) a 2.000-kg (4,409-1b) pickup truck impacting at a speed of 100.0 km/hr
(62.1 mph) and at an angle of 25 degrees: and (2) an 820-kg (1,808-1b) small car impacting at a
speed of 100.0 km/hr (62.1 mph) and at an angle of 20 degrees.

Although only two crash tests are generally required for evaluating approach guardrail
transitions. it was believed that three full-scale vehicle crash tests would be needed to evaluate the
safety performance of the cable guardrail to W-beam transition. Two tests - one using an 820-kg
(1.808-1b) small car and one with a 2,000-kg (4,409-1b) pickup truck - were believed necessary to
evaluate the potential for vehicle snagging in the rf:gion where the cable guardrail transitions into
the W-beam guardrail. One additional pickup truck crash test was anticipated to evaluate the
potential for snagging and pocketing when the pickup impacts the cable guardrail upstream of the
BCT terminal and deflects the cable guardrail such that the pickup contacts the BCT terminal in a
critical manner.

3.2 Evaluation Criteria

Evaluation criteria for full-scale vehicle crash testing are based on three appraisal areas: (1)
structural adequacy; (2) occupantrisk; and (3) vehicle trajectory after collision. Criteria for structural
adequacy are intended to evaluate the ability of the barrier to contain, redirect, or allow controlled

4



vehicle penetration in a predictable manner. Occupant risk evaluates the degree of hazard to
occupants in the impacting vehicle. Vehicle trajectory after collision is a measure of the potential
for the post-impact trajectory of the vehicle to cause subsequent multi-vehicle accidents, thereby
subjecting occupants of other vehicles to undue hazard or to subject the occupants of the impacting
vehicle to secondary collisions with other fixed objects. These three evaluation criteria are defined
in Table 1. The full-scale vehicle crash tests were conducted and reported in accordance with the

procedures provided in NCHRP Report No. 350.
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Table 1. NCHRP Report 350 Evaluation Criteria for 820C and 2000P Crash Tests.

Evaluation
Factors

Evaluation Criteria

Test Designation

2000P

820C

Structural
Adequacy

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

X

X

Occupant
Risk

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

Longitudinal and lateral occupant impact velocities (m/s) should
satisfy the following:
Preferred Maximum
9 12

Longitudinal and lateral occupant ridedown accelerations (G’s)
should satisfy the following:
Preferred Maximum
15 20

Vehicle

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

Trajectory

The occupant impact velocity in the longitudinal direction should
not exceed 12 m/s and the occupant ridedown acceleration in the
longitudinal direction should not exceed 20 G's.

M.

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




00000000000000000000000000000000000000000060

4 CABLE GUARDRAIL TO W-BEAM TRANSITION

The overall layout of the cable guardrail to W-beam transition system is shown in Figures
1 through 3. Photographs of the transition system are shown in Figures 4 through 8. Additional
design details are provided in Figures A-1 through A-14 of Appendix A. The cable guardrail to W-
beam transition consisted of three major systems: (1) a cable guardrail system; (2) a breakaway cable
terminal with W-beam guardrail; and (3) a simulated bridge railing for anchorage of the W-beam
guardrail at the downstream end.

The 88.32-m (289-ft 9-in.) long cable guardrail system was constructed using three 19.0-mm
(%-in.) diameter steel cables with the center of the top, middle, and bottom cables mounted to a
height above the ground of 686 mm (27 in.), 610 mm (24-in.), and 533 mm (21 in.), respectively.
The three-strand cable guardrail system was supported by thirty-two S76x8.5 (§3x5.7) steel posts -
twenty-three placed in soil and nine placed in the existing concrete tarmac. Post nos. 1C through 23C
were configured with soil plates measuring 6.4-mm (%4-in.) thick by 203-mm (8-in.) wide by 610-
mm (24-in.) long. The center-to-center spacings for post nos. 1C through 16C, 16C through 28C,
and 28C through 32C were 1.219 mm (4 ft), 4.877 mm (16 ft), and 1,829 mm (6 ft), respectively.
The soil embedment depth for post nos. 1C through 23C was 838 mm (33 in.). The steel posts were
placed in a compacted coarse, crushed limestone material that met Grading B of AASHTO M147-65
(1990) as found in NCHRP Report 350. Two concrete anchor assemblies were used in the cable
system - a steel turnbuckle cable end assembly at the upstream end and a spring cable end assembly
at the downstream end. Two steel transition cable brackets were located downstream from post no.
1C - one at 8,611 mm (28 ft - 3 in.) and one at 189 mm (15 ft - 9 in.).

A 11.43-m (37-ft 6-in.) long breakaway cable terminal (BCT) and a 7.62-m (25-ft) long
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strong-post W-beam guardrail were constructed behind the cable guardrail system using 2.66-mm
(12-gauge) W-beam guardrail mounted at 686 mm (27 in.), as measured from the ground to the top
of the W-beam. The W-beam guardrail and BCT terminal were supported by eleven posts spaced
on 1,905-mm (6-ft 3-in.) on centers. Post nos. 1 W through 2W were 140-mm (5%-in.) wide by 190-
mm (7%-in.) deep by 1,080-mm (3-ft 6'2-in.) long and were placed in steel foundation tubes. Post
nos. 3W throughl1W werel32-mm (6-in.) wide by 203-mm (8-in.) deep by 1,829-mm (6-ft) long
with a soil embedment depth of approximately 1,118 mm (44 in.). Timber spacers, measuring 152-
mm (6-in.) wide by 203-mm (8-in.) deep by 356-mm (14-in.) long were used to block the W-beam
away from the face of the post nos. 3W through 11W. The timber posts were placed in a compacted
coarse. crushed limestone material that met Grading B of AASHTO M147-65 (1990) as found in
NCHRP Report 350. Lap-splice connections between the W-beam rail sections were configured to
reduce vehicle snagging at the splice during the crash tests.

A simulated thrie beam bridge railing system was located at the downstream end of the W-
beam guardrail system in order to replicate actual field conditions and provide a mechanism for
developing the tensile capacity of the W-beam guardrail. The thrie beam bridge railing was attached
to the W-beam gué.rdrail using an 1,905-mm (6-ft 3-in.) long W-beam to thrie beam transition

section.
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Figure 1. Overall Layout of Cable Guardrail to W-beam Transition.
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Figure 2. Overall Layout of Cable Guardrail to W-beam Transition (Continued).
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Figure 7. Upstream Cable Anchorage.

15



16

Figure 8. Downstream Cable Anchorage.




5 TEST CONDITIONS
5.1 Test Facility

The testing facility is located at the Lincoln Air-Park on the NW end of the Lincoln
Municipal Airport and is approximately 8.0 km (5 mi.) NW of the University of Nebraska-Lincoln.
The site is protected by an 2.44-m (8-ft) high chain-link security fence.

5.2 Vehicle Tow and Guidance System

A reverse cable tow system with a 1:2 mechanical advantage was used to propel the test
vehicles. The distance traveled and the speed of the tow vehicle were one-half that of the test vehicle.
The test vehicle was released from the tow cable before impact with the guardrail system. A digital
speedometer, located on the tow vehicle, was used to increase the accuracy of the test vehicle impact
speed.

A vehicle guidance system developed by Hinch (10) was used to steer the test vehicle. A
guide-flag, attached to the front-left wheel and the guide cable. was sheared off before impact. The
9.5-mm diameter guide cable was tensioned to approximately 13.3 kN (3,000 Ibs). and supported
by hinged stanchions in the lateral and vertical directions and spaced at 30.48 m (100 ft) initially and
at 15.24 m (50 ft) toward the end of the guidance system. The hinged stanchions stood upright while
holding up the guide cable, but as the vehicle was towed down the line, the guide-flag struck and
knocked each stanchion to the ground.

5.3 Test Vehicles

For test SDC-1, a 1993 GMC 2500 (¥a-ton) pickup truck was used as the test vehicle. The
test inertial and gross static weights were 2.013 kg (4,438 1bs). The test vehicle is shown in Figure
9, and vehicle dimensions are shown in Figure 10.
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For test SDC-2, a 1994 GMC 2500 (¥%-ton) pickup truck was used as the test vehicle. The
test inertial and gross static weights were 2,023 kg (4,459 lbs). The test vehicle is shown in Figure
9, and vehicle dimensions are shown in Figure 11.

For test SDC-3, a 1991 Geo Metro was used as the test vehicle. The test inertial and gross
static weights were 802 kg (1.769 Ibs) and 878 kg (1.935 lbs), respectively. The test vehicle is shown
in Figure 9, and vehicle dimensions are shown in Figure 12.

The Suspension Method (11) was used to determine the vertical component of the center of
gravity for the test vehicles. This method is based on the principle that the center of gravity of any
freely suspended body is in the vertical plane through the point of suspension. The vehicle was
suspended successively in three positions, and the respective planes containing the center of gravity
were established. The intersection of these planes pinpointed the location of the center of gravity.
The longitudinal component of the center of gravity was determined using the measured axle
weights. The location of the final centers of gravity are shown in Figures 10 through 12.

Square, black and white-checkered targets were placed on each vehicle to aid in the analysis
of the high-speed film, as shown in Figures 9 and 13 through 15. One target was placed on the center
of gravity on the driver's side door, the passenger’s side door, and on the roof of the vehicle. The
remaining targets were located for reference so that they could be viewed from the high-speed
cameras for film analysis.

The front wheels of the test vehicle were aligned for camber, caster, and toe-in values of zero
so that the vehicles would track properly along the guide cable. Two 5B flash bulbs were mounted
on both the hood and roof of the vehicles to pinpoint the time of impact with the bridge railing on
the high-speed film. The flash bulbs were fired by a pressure tape switch mounted on the front face
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of the bumper. A remote controlled brake system was installed in the test vehicle so the vehicle
could be brought safely to a stop after the test.
5.4 Data Acquisition Systems

5.4.1 Accelerometers

One triaxial piezoresistive accelerometer system with a range of +200 G's was used to
measure the acceleration in the longitudinal. lateral, and vertical directions at a sample rate of 10,000
Hz. The environmental shock and vibration sensor/recorder system, Model EDR-4M6, was
developed by Instrumented Sensor Technology (IST) of Okemos, Michigan and includes three
differential channels as well as three single-ended channels. The EDR-4 was configured with 6 Mb
of RAM memory and a 1,500 Hz lowpass filter. Computer software, "DynaMax 1 (DM-1)" and
"DADiSP" were used to digitize. analyze, anfi plot the accelerometer data.

A backup triaxial piezoresistive accelerometer system with arange of =200 G's was also used
to measure the acceleration in the longitudinal. lateral, and vertical directions at a sample rate of
3.200 Hz. The environmental shock and vibration sensor/recorder system. Model EDR-3, was
developed by Instrumented Sensor Technology (IST) of Okemos, Michigan. The EDR-3 was
configured with 256 Kb of RAM memory and a 1,120 Hz lowpass filter. Computer software,
"DynaMax 1 (DM-1)" and "DADiSP" were used to digitize, analyze, and plot the accelerometer data.

5.4.2 Rate Transducer

A Humpbhrey 3-axis rate transducer with a range of 250 deg/sec in each of the three directions
(pitch, roll, and yaw) was used to measure the rates of motion of the test vehicle. The rate transducer
was rigidly attached to the vehicles near the center of gravity of the test vehicle. Rate transducer
signals, excited by a 28 volt DC power source, were received through the three single-ended
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channels located externally on the EDR-4M6 and stored in the internal memory. The raw data
measurements were then downloaded for analysis and plotted. Computer software, "DynaMax 1
(DM-1)" and "DADIiSP" were used to digitize, analyze, and plot the rate transducer data.

5.4.3 High-Speed Photography

Fortest SDC-1, five high-speed 16-mm Red Lake Locam cameras, with operating speeds of
approximately 500 frames/sec, were used to film the crash test. A Locam with a wide-angle 12.5-mm
lens was placed above the test installation to provide a field of view perpendicular to the ground. A
Locam with a zoom lens was placed downstream from the impact point and had a field of view
parallel to the barrier. A Locam with a zoom lens was placed on the traffic side of the barrier and had
a field of view perpendicular to the barrier. Two Locam cameras were placed downstream and
behind the barrier. A schematic of all five camera locations for test SDC-1 is shown in Figure 16.

For test SDC-2, five high-speed 16-mm Red Lake Locam cameras, with operating speeds of
approximately 500 frames/sec, were used to film the crash test. A Locam with a wide-angle 12.5-mm
lens was placed above the test installation to provide a field of view perpendicular to the ground. A
Locam with a zoom lens was placed downstream from the impact point and had a field of view
parallel to the barrier. A Locam with a zoom lens was placed on the traffic side of the barrier and had
a field of view perpendicular to the barrier. Two Locam cameras were placed downstream and
behind the barrier. A schematic of all five camera locations for test SDC-2 is shown in Figure 17.

For test SDC-3, five high-speed 16-mm Red Lake Locam cameras, with operating speeds of
approximately 500 frames/sec, were used to film the crash test. A Locam with a wide-angle 12.5-mm
lens was placed above the test installation to provide a field of view perpendicular to the ground. A
Locam with a zoom lens was placed downstream from the impact point and had a field of view
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parallel to the barrier. A Locam with azoom lens was placed on the traffic side of the barrier and had

a field of view perpendicular to the barrier. A Locam with a zoom lens was placed upstream and
behind the barrier. A Locam with a zoom lens was placed downstream and behind the barrier. A
schematic of all five camera locations for test SDC-3 is shown in Figure 18.

The film was analyzed using the Vanguard Motion Analyzer. Actual camera speed and
camera divergence factors were considered in the analysis of the high-speed film.

5.4.4 Pressure Tape Switches

For all three crash tests, five pressure-activated tape switches, spaced at 2-m (6.56 ft)
intervals, were used to determine the speed of the vehicle before impact. Each tape switch fired a
strobe light which sent an electronic timing signal to the data acquisition system as the left front tire
of the test vehicle passed over it. Test vehicle speeds were determined from electronic timing mark
data recorded on "Test Point" software. Strobe lights and high-speed film analysis are used only as

a backup in the event that vehicle speeds cannot be determined from the electronic data.




Figure 9. Test Vehicles, Tests SDC-1, SDC-2, and SDC-3.
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Date: 8/11/98 Test Number: SDC—1 Model: 2500
Make: GMC Vehicle I.D.#: 1GDGC24K4PES06033
Tire Size: LT245/75R16 Year: 1993 Odometer: 173,736

*(All Measurements Refer to Impacting Side)

Vehicle Geometry — mm
a__1886 b_ 1842
_ —— g 5537 o__1302
T A bt T e 3397 F___889
ko G S m a g 738 h__ 1394
_l_ P \ -__; l : 445 j__667

k 597 l 800
m__ 1600 @ n__1626

accelerometers

Ti di
__:':p % o_ 1067 p 95
! q__ 756 = r__445
N o
)UT | s__ 470 t__1849
h Wheel Center Height Front 368
~—d e s Wheel Center Height Rear 381
vwrecr Wfrontv
Wheel Well Clearance (FR) 895
Wheel Well Clearance (RR) 965
Engine Type _V—6 gasoline
Weights
— kg Curb Test Inertial Gross Static Engine Size 2.7 Liter
Wront 1218 1170 1170 Transmission Type:
Wi 954 843 843 or Manual
Wit 2172 2013 2013 FWD or RWD) or 4WD

Note any damage prior to test: Minor windshield CrOCk;ng and dent in left rear

panel.

Figure 10. Vehicle Dimensions, Test SDC-1.
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Date: 8/18/98 Test Number: SDC-2 Model: 2500
Make: GMC Vehicle 1.D.#: 1GDGC24K9RES50015
Tire Size: 245/75R16 Year: 1994 Odometer: 185,667

*(All Meosurements Refer to Impacting Side)

Vehicle Geometry — mm
a__190 b_ 1835
: o c__ 5531 d 1321
£ . L T e 3727 f 2755

_l_ -
t n $ — |l e o_ 738  h__1387
1| \ o o | __400  j__B51

e 578 0 % TTIB

L

m__1616 n__1626
fggt - E’:’pdi“ o__1022 p 64
b ey ég Jj JEIy i q_ 772 r__ 445
T @ 5 A@) 7T s__470  t_1867
h Wheel Center Height Front 371
d v e v F= Wheel Center Height Rear 368
W W
2 e i Wheel Well Clearance (FR) 889
Wheel Well Clearance (RR) 949
Engine Type _V—6 gasoline
Weights
— kg Curb Test Inertial Gross Static Engine Size 5.7 Liter
Wront 1181 1180 1180 Transmission Type:
- 864 843 843 or Manual
Wiony D045 2023 2023 FWD or (RWD) or 4WD

Dent in center, front bumper and right—rear
Note any domage prior to test: DOX panel and right—side door.

Figure 11. Vehicle Dimensions, Test SDC-2.
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Date: 8/31/98 Test Number: SDC=3 Model: Metro
Make: GEQ Vehicie L.D.#: 2C1MR246XR6739458
Tire Size: P155/80R12  Year: 1991 Odometer: 93.969
Vehicle Geometry — mm
T TN ‘T a__1499 o__ 1334
alm ® e " |* 3683 d__ 673
|| s :;L e_ 22761 3 749
g 546 h 933
i 222 J 508
K 254 \ B33
o m 1349 n 1346
a L |8 o 673 8) 95
q B33 r 330
305 % 1448
height of wheel 254
center

Engine Type _4 cyl. gasoline

Engine size 1.4 Liter
Weight — kg Curb Test - Gross T w5 .
Inertial Static ransmission Type:
or Manual
Wreor 291 331 372
Wit 754 802 878

Damage prior to test: _Missing passenger side mirror.

Figure 12. Vehicle Dimensions, Test SDC-3.
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TEST #: _SDC—1
TARGET GEOMETRY (mm)

o 1346 b _584 ¢ 2737 o 1784
e 2143 £ 2146 g_978 h 1394
. 1969 | _928 k_738 | 1067

Figure 13. Vehicle Target Locations, Test SDC-1.
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TEST # _SDC—2

TARGET GEOMETRY (mm)

a 12895 b _622 c 2642 o _1/15

e 2143 £ 2143 o 968 h 1387
. 1965 | _984 Kk _738 | 1035

Figure 14. Vehicle Target Locations, Test SDC-2.
27

0000000000000 0000000000O0C0CBOCGOCGONONOONOGONONOINONONONONONNTS
)
N

(



e —]

TEST #: _SDC—3
TARGET GEOMETRY (mm)

o 946 b 216 ¢ _ 381 o _1022
e 622 £ 933 g _1340 h _ 711

546 | __ 714

Figure 15. Vehicle Target Locations, Test SDC-3.
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Figure 16. Location of High-Speed Cameras, Test SDC-1.
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6 COMPUTER SIMULATION

Computer simulation modeling with BARRIER VII (12) was performed to determine the
critical impact point (CIP) for a pickup truck impacting the cable guardrail upstream of the BCT.
This CIP was based on the impact condition which produced the greatest potential for the pickup
truck to pocket behind the BCT while also impacting the terminal on the front end of the vehicle.
The researchers believed that this impact condition had the greatest potential for causing the cables
to rupture, thus allowing the vehicle to pass behind the barrier system. The simulations were
conducted modeling a 2000-kg (4,409-1b) pickup truck impacting at a speed of 100.0 km/hr (62.14
mph) and at an angle of 25 degrees.

The CIP’s for the remaining two crash tests were chosen to evaluate the following: (1) the
potential for a 2000-kg (4,409-1b) pickup truck, impacting slightly downstream from the end of the
BCT, to climb and vault over the cable and W-beam rails as the steel posts deformed and leaned on
the W-beam rail; and (2) the potential for a 820-kg (1,808-1b) small car, impacting in the region
where the cables transition downward, to snag or wedge between the cables or at the connection

between the two systems.
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7 CRASH TEST NO. 1

7.1 Test SDC-1

The 2.013-kg (4.438-1b) pickup truck impacted the cable guardrail to W-beam transition at
a speed of 101.9 km/hr (63.3 mph) and an angle of 27.6 degrees. A summary of the test results and
the sequential photographs are shown in Figure 19. Additional sequential photographs are shown
in Figure 20. Documentary photographs of the crash test are shown in Figures 21 through 23.
7.2 Test Description

Initial impact occurred at 438-mm (17"-in.) upstream from post no. 14C, as shown in Figure
24. At 0.014 sec after impact, the right-front corner of the vehicle impacted post no. 14C, and
subsequently was driven over by the right-front tire at 0.034 sec. The vehicle’s right-front bumper
contacted post nos. 13C, 12C, and 11C at 0.045 sec, 0.085 sec, and 0.115 sec after impact,
respectively. It is noted that the top two cables were removed from post nos. 12C and 11C prior to
the vehicle contacting them, thereby causing the posts to deform. At 0.154 sec, the right-front corner
of the vehicle had moved to the same lateral offset at post no. 1 W. Subsequently, post no. 10C was
deformed at 0.169 sec after initial impact. At 0.241 sec, the vehicle began to redirect away from the
initial impact angle. The cable guardrails contacted the head of the BCT terminal at 0.285 sec while
the front end of the vehicle contacted the terminal at 0.335 sec, thus resulting in the fracturing post
no. 1W at 0.365 sec after impact. At 0.321 sec. the maximum lateral dynamic cable deflection was
observed to be 2.4 m (7.9 ft). At 0.399 sec, the head of the deformed BCT terminal struck the
ground. The vehicle’s front end was positioned between post nos. 1W and 2W with the BCT
terminal and post no. 1 W under the vehicle at 0.417 sec. At 0.443 sec, the right-front tire rode over
the BCT end as the W-beam rail was sloping downward under the front bumper, subsequently
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striking post no. 2W at 0.455 sec.

At 0.486 sec after impact, the vehicle became parallel to the barrier with a velocity of 58.7
km/hr (36.5 mph) and with the entire vehicle positioned laterally behind the original longitudinal
location of the rail. At 0.499 sec. the right-front tire was positioned above the ground and with the
W-beam sloped downward as the front of the vehicle passed over it. Subsequently, the left-front tire
rode over post no. 9C at 0.578 sec, causing the tire to become airborne. At 0.597 sec, the middle
cable lost its tensile capacity when it pulled out at the anchorage located on the upstream end. A kink
formed in the W-beam rail at post no. 2W at 0.608 sec after impact, and at 0.639 sec, post no. 3W
fractured as the vehicle’s undercarriage passed over it. At 0.813 sec, the right-front corner of the
vehicle moved downward and rolled clockwise slightly, thus allowing the right-front bumper to
contact and fracture post no. 4W. The right-front tire contacted the ground near the back of the wood
posts at 0.860 sec. At 1.000 sec, the vehicle’s roll angles was nearly 0 degrees but with the front tires
above the ground, the vehicle positioned on top of the rail, and the upper cable hooked over the
right-front bumper. At 1.080 sec, the front of the vehicle is positioned at post no. 5W with the
vehicle beginning to roll counter-clockwise away from the rail. At 1.122 sec, the vehicle continued
to travel along the barrier with the upper cable hooked over the right-front bumper and the lower
cable wrapped around the left-front tire. Subsequently, the left-front tire conta(':ted the ground at
1.225 sec. The front of the vehicle was positioned at post nos. 6W, 7W, and 8W at 1.330 sec. 1.674
sec, and 2.186 sec, respectively.

At 1.588 sec, the vehicle reached its maximum roll angle of 32.4 degrees and counter-
clockwise away from the rail. The vehicle’s post-impact trajectory is shown in Figures 19 and 25.
The vehicle came to rest with the right side of the vehicle positioned above the rail and the right-
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front tire located 22.3-m (73-ft 2-in.) downstream from impact and 0.55 m (1 ft - 9% in.) behind the
traffic-side face of the barrier.
7.3 Barrier Damage

Damage to the barrier was extensive. as shown in Figures 25 through 28. Barrier damage
consisted mostly of deformed steel posts and W-beam, fractured wood posts. ruptured or stretched
cables, and deformations to the steel anchorage hardware. Steel post nos. 1C through 14C were
deformed above the ground line, while post nos. 15C through 17C were rotated in the soil. Wood
post nos. 1W through 4W were fractured, while post nos. 5W through 11W were all displaced. as
determined either visually or by measurements taken at the ground line. The BCT head was
collapsed at the nose section, and the W-beam buckled and deformed at post nos. 2W and 3W,
respectively. The upper and lower cables remained intact while the middle cable was no longer
anchored at the upstream end due to the failure of the threads on the connecting ;od. The steel
transition brackets located at post nos. 7W and 9W were deformed and only contained the lower
cable following the crash test. The maximum lateral dynamic cable deflection was 2.4 m (7.9 ft), as
determined from the high-speed film analysis.
7.4 Vehicle Damage

Exterior vehicle damage was moderate and occurred at several body locations, as shown in
Figure 29. The vehicle’s front end was crushed inward due to contact with the BCT terminal and W-
beam guardrail, the right-front quarter panél was crushed, and the right-side front bumper was bent
back toward the engine compartment. The engine compartment was also moved backward, and the
undercarriage near the front end was deformed. Very minor deformations were found on the
floorboard of the occupant compartment. Evidence of vehicle-rail interlock was also found from the
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front end to the midpoint of the truck box.
7.5 Occupant Risk Values

The normalized longitudinal and lateral occupant impact velocities were determined to be
4.62 m/sec (15.17 ft/s) and 2.99 m/sec (9.82 ft/s), respectively. The maximum 0.010-sec average
occupant ridedown decelerations in the longitudinal and lateral directions were 12.21 g's and 7.36
o's, respectively. It is noted that the occupant impact velocities (OIV) and occupant ridedown
decelerations (ORD) were within the suggested limits provided in NCHRP Report 350. The results
of the occupant risk, determined from accelerometer data, are summarized in Figure 19. Results are
shown graphically in Appendix C. The results from the rate transducer are shown graphically in
Appendix D.
7.6 Discussion

The analysis of the test results for test SDC-1 showed that the barrier adequately contained
and redirected the vehicle with controlled lateral displacement of the barrier. Detached elements,
fragments, or other debris from the test article did not penetrate or show potential for penetrating the
occupant compartment, or present undue hazard to other traffic. Minor deformations to the occupant
compartment were evident but not considered excessive enough to cause serious injuries to the
occupants. The vehicle remained upright both during and after the collision. Vehicle roll, pitch, and
yaw angular displacements were noted. but they were deemed acceptable because they did not
adversely influence occupant safety criteria or cause rollover. After collision, the vehicle’s trajectory
did not intrude into adjacent traffic lanes. In addition, the vehicle’s exit angle was less than 60
percent of the impact angle as the vehicle was contained along the system. Therefore, test SDC-1
conducted on the cable guardrail to W-beam transition system was determined to be acceptable
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according to the NCHRP Report 350 criteria.
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Figure 19. Summary of Test Results and Sequential Photographs, Test SDC-1




0.169 sec

0.650 sec

1.077 sec

Figure 20. Additional Sequential Photographs, Test SDC-1

0.000 sec

0.341 sec

1.000 sec




0000000000000 0000000000OCOCGOCOCOCGOONOONOOONOONONONONOGOTS
[-DQS 1831 1S9, Yser) a[edg-[Ing “|T 23]

40




1-0AS 1891, 13 yser) d[edg-[n 'z 2msq

41

R T,




0000000000000 000000000000000000000000C0O0CKOCKCCFFS
1-0QS 1821, 953, Yse1) a[eas-[In *€¢ 2un3L]

42




Figure 24. Impact Location, Test SDC-1
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Figure 25. Cable Guardrail to W-Beam Transition Damage, Test SDC-1
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Figure 29. Vehicle Damage. Test SDC-1
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8 CRASH TEST NO. 2

8.1 Test SDC-2

The 2,023-kg (4,459-Ib) pickup truck impacted the cable guardrail to W-beam transition at
a speed of 101.8 km/hr (63.3 mph) and an angle of 25.2 degrees. A summary of the test results and
the sequential photographs are shown in Figure 30. Additional sequential photographs are shown
in Figure 31. Documentary photographs of the crash test are shown in Figures 32 through 34.
8.2 Test Description

Initial impact occurred at the upstream edge of post no. 4C, as shown in Figure 35. At 0.042
sec after impact. the right-front corner of the vehicle impacted the W-beam rail at the midpoint
between post nos. 3W and 4W. The right-front corner of the vehicle reached post no. 4W at 0.089
sec which subsequently fractured. At 0.091. one of the lower cables lost its tensile capacity when
it pulled out at the anchorage located on the downstream end. At 0.145 sec after impact, post no. 5W
ffactured as the remaining lower cable lost its tensile capacity when it also pulled out at the
anchorage located at the downstream end. As the vehicle continued to travel along the guardrail and
penetrate laterally into the system, tensile loads increased in the W-beam rail located upstream from
the original impact location. At 0.184 sec, this tensile loads caused post nos. 3W and 2W to fracture,
in that order. In addition, the upper cable slipped over the top of the W-beam rail and was observed
to be angled toward the ground at the downstream anchorage system. At 0.230 sec, the rear end of
the vehicle contacted the cable, and at 0.246 sec, the left-front tire struck and drove over post no. 1C
as the vehicle began to roll clockwise toward the rail. At 0.260 sec, the right-side midpoint of the
vehicle contacted post no. 6W as the left-front tire became airborne. Subsequently, post no. 6W
fractured about its weak axis at 0.267 sec after impact. At 0.311 sec, the upper cable released from
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the right-front corner of the vehicle as the lower two cables continued to flail in the air. The vehicle
reached post no. 7W at 0.394 sec which subsequently resulted in the fracture of the post.

At 0.424 sec after impact. the vehicle became parallel to the barrier with a velocity of 44.5
km/hr (27.6 mph). The front of the vehicle reached post no. 8W at 0.552 sec with the vehicle’s left
side airborne. Subsequently, at 0.607 sec, the right-front tire struck post no. 8, causing the vehicle
to slow more rapidly. The vehicle began to move away from the barrier at 0.645 sec with the left side
elevated into the air and the right-front tire traveling along the back side of the rail and posts. At
0.868 sec, the vehicle reached its maximum roll angle of 27.4 degrees and clockwise toward the rail.
The vehicle’s forward motion came to a stop slightly upstream of post no. 9W at 0.878 sec after
impact and with the rear end pitched upward. At 1.049 sec, the vehicle rebounded backward slightly
while the rear end moved away from the barrier. The left-front tire contacted the concrete surface
at 1.272 sec, while the left-rear tire struck the ground at 0.1370 sec and with a vehicle roll angle
counter-clockwise away from the rail. The vehicle came to a stop with all four tires on the concrete
surface at approximately 2.571 sec.

The vehicle’s post-impact trajectory is shown in Figures 30 and 36. The vehicle came to rest
on the traffic-side face of the barrier system with the right-front tire located 11.0-m (36-ft 0-in.)
downstream from impact and 1.07 m (3 ft - 6 in.) on the traffic-side face of the barrier.

8.3 Barrier Damage

Damage to the barrier was extensive. as shown in Figures 36 through 39. Barrier damage
consisted mostly of deformed steel posts and W-beam, fractured wood posts, ruptured or stretched
cables, and deformations to the steel anchorage hardware. Steel post nos. 1C through 3C were
deformed above the ground line, while post nos. 4C through 5C were rotated in the soil. Wood post
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nos. 1 W through 7W were fractured, while post no. 8W was displaced, as determined either visually
or by measurements taken at the ground line. The initial vehicle contact marks were found on the
W-beam rail at a location 330-mm (13-in.) upstream from the midspan between post no. 3W and
4W. In addition. significant flattening of the W-beam rail occurred between post nos. SW and 7W.
The upper cable remained intact while the lower and middle cables were no longer anchored at the
downstream end. The steel transition brackets located at post nos. 7W and 9W were deformed.
8.4 Vehicle Damage

Exterior vehicle damage was moderate and occurred at several body locations, as shown in
Figure 40. The vehicle’s front end, right-front bumper, and right-front quarter panel were crushed
inward toward the engine compartment due to contact with the barrier. Components within the
engine compartment and front undercarriage were either deformed or moved backward and upward.
Very minor deformations were found on the right-side firewall of the occupant compartment.
8.5 Occupant Risk Values

The normalized longitudinal and lateral occupant impact velocities were determined to be
6.84 m/sec (22.43 ft/sec) and 3.77 m/sec (12.37 ft/sec), respectively. The maximum 0.010-sec
average occupant ridedown decelerations in the longitudinal and lateral directions were 9.25 g's and
5.97 g's/-7.44 g’s, respectively. It is noted that the occupant impact velocities (QOI'V) and occupant
ridedown decelerations (ORD) were within the suggested limits provided in NCHRP Report 350.
The results of the occupant risk, determined from accelerometer data, are summarized in Figure 30.
Results are shown graphically in Appendix E. The results from the rate transducer are shown

graphically in Appendix F.
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8.6 Discussion

The analysis of the test results for test SDC-2 showed that the barrier adequately contained
and redirected the vehicle with controlled lateral displacement of the barrier. Detached elements,
fragments, or other debris from the test article did not penetrate or show potential for penetrating the
occupant compartment, or present undue hazard to other traffic. Minor deformations to the occupant
compartment were evident but not considered excessive enough to cause serious injuries to the
occupants. The vehicle remained upright both during and after the collision. Vehicle roll, pitch, and
yaw angular displacements were noted, but they were deemed acceptable because they did not
adversely influence occupant safety criteria or cause rollover. After collision, the vehicle’s trajectory
did not intrude into adjacent traffic lanes. In addition, the vehicle’s exit angle was less than 60
percent of the impact angle as the vehicle was contained along the system. Therefore, test SDC-2
conducted on the cable guardrail to W-beam transition system was determined to be acceptable

according to the NCHRP Report 350 criteria.
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Figure 30. Summary of Test Results and Sequential Photographs, Test SDC-2
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Figure 31. Additional Sequential Photographs, Test SDC-2
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Figure 36. Cable Guardrail to W-Beam Transition Damage, Test SDC-2




Figure 37. Breakaway Cable Terminal Damage, Test SDC-2
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Figure 38. Upstream Cable Anchorage Damage, Test SDC-2
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Figure 39. Downstream Cable Anchorage Damage, Test SDC-2
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Figure 40. Vehicle Damage, Test SDC-2



9 CRASH TEST NO. 3

9.1 Test SDC-3

The 878-kg (1,935-1b) small car impacted the cable guardrail to W-beam transition at a speed
of 99.6 km/hr (61.9 mph) and an angle of 20.2 degrees. A summary of the test results and the
sequential photographs are shown in Figure 41. Additional sequential photographs are shown in
Figure 42. Documentary photographs of the crash test are shown in Figures 43 and 44.
9.2 Test Description

Initial impact occurred at 305-mm (12-in.) downstream of post no. 1C, as shown in Figure
45. At 0.048 sec. the right-front corner of the vehicle reached the midspan between post nos. SW and
6W and with the top cable extending over the hood. Later, at 0.053 sec, it was evident that post nos.
5W and 6W had begun to deflect. The upper cable contacted the A-pillar of the vehicle at 0.078 sec,
while the right-front corner of the vehicle was near post no. 6W at 0.082 sec after impact. Shortly
thereafter, the upper cable reached the lower corner of the windshield as post no. 7W began to
deflect. At 0.100 sec, the right-front tire protruded under the W-beam rail and snagged on post no.
6W, and at 0.110 sec, this vehicle contact caused the blockout to rotate and subsequently split. The
right-front corner of the vehicle reached the midspan between post nos. 6W and 7W at 0.120 sec and
with noticeable counter-clockwise vehicle roll away from the rail. At 0.141 sec, the maximum lateral
dynamic post and W-beam rail deflection was observed to be 0.50 m (1.64 ft). At 0.155 sec, the
right-front corner of the vehicle reached the transition cable bracket on the downstream side of post
no. 7W, thus causing the cable on the hood to pull up on the bracket.

At 0.164 sec after impact, the vehicle became parallel to the barrier with a velocity of 8§2.0
km/hr (50.9 mph) as the cable was nearly off the hood. The right-front tire extended under the W-
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beam rail and snagged on post no. 7W at 0.178 sec after impact, resulting in the transition cable
bracket being pulled downward and becoming twisted. At 0.180 sec, the vehicle reached its
maximum roll angle of 5.1 degrees and counter-clockwise roll away from the rail. At 0.193 sec, the
right-front corner of the vehicle was at the midspan location between post no. 7W and 8W as the
front of the vehicle was moving away from the rail, while the right-front corner was at post no. §W
at 0.237 sec. At 0.352 sec after impact, the vehicle exited the barrier at an angle of 7.4 degrees and
a speed of 78.8 km/hr (49.0 mph).

The vehicle’s post-impact trajectory is shown in Figures 41 and 46. The vehicle came to rest
on behind the traffic-side face of the barrier system with the right-front tire located 45.7-m (150-ft)
downstream from impact and 13.7 m (45 ft) on the traffic-side face of the barrier.

9.3 Barrier Damage

Damage to the barrier was moderate. as shown in Figures 46 through 47. Barrier damage
éonsisted mostly of deformed W-beam, displaced steel and wood posts, and stretched cables. Steel
post no. 1C and wood post nos. 3W through 9W were rotated in the soil. as determined either
visually or by measurements taken at the ground line. Tire contact marks were found on the front
face of post no. 6W and the front and upstream side faces of post no. 7W. Vehicle contact marks
were found on the W-beam rail between the post no. 5W through 152-mm (6-in.) downstream from
post no. 7W. All three cables remained intact and no damage was found at either cable anchorage
device. The steel transition bracket located at post no. 7W was deformed with all three cables pulled
out. The maximum lateral dynamic post and W-beam rail deflection was 0.50 m (1.64 ft), as

determined from the high-speed film analysis.
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9.4 Vehicle Damage

Exterior vehicle damage was moderate and occurred at several body locations. as shown in
Figure 48. The vehicle’s front end and hood. right-front bumper, and right-front quarter panel were
crushed inward toward the engine compartment due to contact with the barrier. The right-front tire
was deflated while the steel rim was deformed. Evidence of vehicle-rail interlock was also found
from the front end to the midpoint of the rear quarter panel. Minor deformations were found on the
right-side floorboard and firewall of the occupant compartment.
9.5 Occupant Risk Values

The normalized longitudinal and lateral occupant impact velocities were determined to be
5.72 m/sec (18.78 fi/sec) and 5.94 m/sec (19.47 ft/sec), respectively. The maximum 0.010-sec
average occupant ridedown decelerations in the longitudinal and lateral directions were 2.83 g's/-
3.24 ¢’s and 16.64 g's, respectively. It is noted that the occupant impact velocities (OIV) and
occupant ridedown decelerations (ORD) were within the suggested limits provided in NCHRP
Report 350. The results of the occupant risk, determined from accelerometer data, are summarized
in Figure 41. Results are shown graphically in Appendix G. The results from the rate transducer are
shown graphically in Appendix H.
9.6 Discussion

The analysis of the test results for test SDC-3 showed that the barrier adequately contained
and redirected the vehicle with controlled lateral displacement of the barrier. Detached elements,
fragments, or other debris from the test article did not penetrate or show potential for penetrating the
occupant compartment, or present undue hazard to other traffic. Minor deformations to the occupant

compartment were evident but not considered excessive enough to cause serious injuries to the
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occupants. The vehicle remained upright both during and after the collision. Vehicle roll, pitch, and
yaw angular displacements were noted. but they were deemed acceptable because they did not
adversely influence occupant safety criteria or cause rollover. After collision. the vehicle’s trajectory
did not intrude into adjacent traffic lanes. In addition, the vehicle’s exit angle was less than 60
percent of the impact angle. Therefore, test SDC-3 conducted on the cable guardrail to W-beam

transition system was determined to be acceptable according to the NCHRP Report 350 criteria.
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Figure 41. Summary of Test Results and Sequential Photographs, Test SDC-3
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Figure 42. Additional Sequential Photographs, Test SDC-3
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Figure 45. Impact Location, Test SDC-3

72







Figure 47. Cable Guardrail to W-Beam Transition Damage, Test SDC-3
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Figure 48. Vehicle Damage, Test SDC-3
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10 SUMMARY AND CONCLUSIONS

A cable guardrail to W-beam transition was crash tested according to the safety performance
criteria presented in NCHRP Report No. 350. Three full-scale vehicle crash tests were performed
to determine whether the system meets current TL-3 impact safety standards specified in NCHRP
Report 350. Two tests - one using a small car and one with a pickup truck - were used to evaluate
the potential for vehicle snagging in the region where the cable guardrail transitions into the W-beam
guardrail. One additional pickup truck crash test was performed to evaluate the potential for
snagging and pocketing when the pickup impacts the cable guardrail upstream of the BCT terminal
and deflects the cable guardrail such that the pickup contacts the BCT terminal in a critical manner.

The first crash test, test SDC-1, was successfully performed with a 2,013-kg (4,438-1b)
pickup truck impacting 438-mm (17%-in.) upstream from post no. 14C at a speed of 101.9 km/hr
(63.3 mph) and an angle of 27.6 degrees. The second crash test, test SDC-2, was successfully
performed with a 2,023-kg (4.459-1b) pickup truck impacting at the upstream edge of post no. 4C
ata speed of 101.8 kmv/hr (63.3 mph) and an angle of 25.2 degrees. The third crash test, test SDC-3,
was successfully performed with a 878-kg (1,935-1b) small car impacting 305-mm (12-in.)
downstream from post no. 1C at a speed of 99.6 km/hr (61.9 mph) and an angle of 20.2 degrees.
Thus, the South Dakota cable guardrail to W-beam transition has successfully met current safety

standards. A summary of the safety performance evaluation for the three tests is provided in Table

2
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Table 2. Summary of Safety Performance Evaluation Results

angle, measured at time of vehicle loss of contact with test devise.

Evaluation Evaluation Criteria Test Test Test
Factors SDC-1 SDC-2 SDC-3
y i A.  Testarticle should contain and redirect the vehicle; the vehicle should not penetrate, S S S
Structural Ao > - ) _ , : )
underride, or override the installation although controlled lateral deflection of the test
Adequacy Es R
article is acceptable.
D. Detached elements, fragments or other debris from the test article should not 5 8 S
penetrate or show potential for penetrating the occupant compartment, or present an
undue hazard to other traffic, pedestrians, or personnel in a work zone.
Deformations of, or intrusions into, the occupant compartment that could cause
serious injuries should not be permitted.
F. The vehicle should remain upright during and after collision although moderate roll, 8 8 S
pitching and yawing are acceptable.
Occupant Risk
H. Longitudinal and lateral occupant impact velocities (in/s) should satisfy the following: S S S
Preferred Maximum
9 12
L. Longitudinal and lateral occupant ridedown accelerations (G’s) should satisfy the S S S
following:
Preferred Maximum
15 20
K.  After collision it is preferable that the vehicle's trajectory not intrude into adjacent traffic S S S
lanes.
Vehicle L The occupant impact velocity in the longitudinal direction should not exceed 12 m/sec and 8 5 S
Trajectory the occupant ridedown acceleration in the longitudinal direction should not exceed 20 G's.
M.  The exit angle from the test article preferably should be less than 60 percent of test impact S S S

S - (Satisfactory)

M - (Marginal)

U - (Unsatisfactory)




11 RECOMMENDATIONS

Based upon the successful completion of the three compliance tests conducted according to
the NCHRP Report No. 350 safety standards, it is recommended that the Federal Highway
Administration accept this longitudinal barrier system for use on federal-aid highways located on

the National Highway System.
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APPENDIX A
DESIGN DETAILS FOR CABLE GUARDRAIL TO W-BEAM TRANSITION

Figure A-1. Cable Guardrail to W-Beam Transition Design Details

Figure A-2. Cable Guardrail to W-Beam Transition Design Details (Continued)
Figure A-3. Cable Guardrail to W-Beam Transition Design Details (Continued)
Figure A-4. Cable Guardrail to W-Beam Transition Design Details (Continued)
Figure A-5. Cable Guardrail to W-Beam Transition Design Details (Continued)
Figure A-6. Cable Guardrail to W-Beam Transition Design Details (Continued)
Figure A-7. Cable Guardrail to W-Beam Transition Design Details (Continued)
Figure A-8. Cable Guardrail to W-Beam Transition Design Details (Continued)
Figure A-9. Cable Guardrail to W-Beam Transition Design Details (Continued)
Figure A-10. Cable Guardrail to W-Beam Transition Design Details (Continued)
Figure A-11. Cable Guardrail to W-Beam Transition Design Details (Continued)
Figure A-12. Cable Guardrail to W-Beam Transition Design Details (Continued)
Figure A-13. Cable Guardrail to W-Beam Transition Design Details (Continued)

Figure A-14. Cable Guardrail to W-Beam Transition Design Details (Continued)
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P *Flanged Channel "G 6
= o Stesl Post
m g [ | | ¥, Steel Transltion Bracket 2 2
El’ = 4" Steel | | Cables ¥s* Steel Cable 3e %t Reset
ey Fn bl | | Concrete Anchor | |
I § =} . Compensating Devlce 3 Reset
E =] *The 53 X 5.7 stesl post may be substituted
i | e for the Flanged Channel Stesl Post.

o5
= g Wood Post| ¥ - 10 Sq.Nut (Galv.)
—— o
o Standard Steel Spring Stop 4/z"Long (Galv.) Cast Steel or Malleable
= Turnbuckle (Galv.) Iron
LS L X 1/ (12* Takeup) 65" gfr;?q Wire (Galv.
R.H. Thread I | R.H. Thread L.H. Thread Sigle O
w y —
T ; =5 SR
0| 0% S -] ———— € —— = -—-
i On % 2l/4" \
s Flatten I/ , RM Thread  plecl Wedge
v ____'__,__.__-'-"‘ =8 — R.H.
S1m £ 8 42-%-10sa for Wrench ad Ll
= g‘ B 8 Nut (Galv.) Spring Cable End Assembly with Turnbuckle
3 (Compensating Device)

Figure A-1. Cable Guardrail to W-Beam Transition Design Details




1000' Max |1000' Max.
Approach or Terminal 5 N

Anchorage Sectlon ; 42'-0" L i i 42'-0" 42'-0" "
s | intermediate Anchorage Segtion | _Intermediate Anchorage
I' S B C-—__________SSq-Hon___’_’_—-—o
Measure along “Payment llne for Payment line for
[face of posts Cable Guardrall | !_ Cable Guardrall
TABLE A Finlshed Shoulder Line
ROADWAY ¢ CURVATURE POST SPACING| | Payment llne for Cable Guardrall
8° or Less |6’ Sketch of g
° ° yplcal Wedges
l 1
More than 8° to |3 |12 Typlcal LGYOU"’ (See Detall G)
GENERAL NOTES: : (PLAN) 2 < I2N - 2
The following criterla shall apply In the arrangement of the Spring Cable End Assemblies Thread (TYP)

“lQbU'ﬂ (Compensation Devices) and Turnbuckle Cable End Assemblles:

Length of Cable Runs

AT
T
|

Gt

To 500' - Use Turnbuckle on the approaching trafflc end and Compensating
Device on the other end of each Indlvidual cable, except In the
Cable Transltlon where all Compensating Devices shall be at the
bridge ends.

Cable Splice

§ Over 500' o 1000' - Use Compensating Device on each end of each Indlvidual cable.
: Over 1000' - Start new stretch by Interlacing at last parallel post (See Sketch
% of Typlcal Layout above).
= The Cable Anchor Bracket shall be fabricated from steel conforming to AASHTO MI83, galvanized
after fabricatlon according to ASTM Al23.
o
§ Elther one of the post alternates may be used but shall be conslstent thoughout the Fro]ecf.
== The | sectlon steel post shall be used for the end posts when the flanged channel steel post Is
E used as line posts.
= Payment for 3 Cable Anchor Sectlon or Reset 3 Cable Anchor Sectlon with new
Anchor and Salvaged Material Is exclusive of the 3 Cable Guardraill which Is pald for at the
contract unit price per lInear foot for 3 Cable Guardrall or Reset 3 Cable Guardrall,
Compensating Devices must have a spring rate of 450 + 50 Lbs. per Inch and a total
avallable throw of 6" minimum.
The cable shall be retensloned after the Initlal 2 week pretension perlod In accordance with the |
following table: |
w Temperature 120 109 99 89 719 69 59 49 39 29 19 9 -1 -l
" S g Range to to to to to to to to to to to to to +to
(4] (Deg.) 1o 100 90 80 70 60 50 40 30 20 10 0O -l0 -20
n g
= Q = 3pring I | | [
RS ﬁon‘;presslon | Ve Vo 1% 2 24 22 2% 3 3 3 3V 4 4
w | N.
< g § All Compensating Devices shall be attached to the cable anchor bracket when one end of the run
Is attached to a bridge.

Figure A-2. Cable Guardrail to W-Beam Transition Design Details (Continued)
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~Payment Limits for

Cable Guardrall

See Demll%%\\w

Typlcal Intermediate Anchorage Sectlon

See Detall A & B
and General Notes

Finlshed, Shoulder Line

|6'-0" 16'-0" 16'-0"
16°-0" Typical on Tangent (See Table A) ELAN
¥"@ Cables
I, Ground Line End Posts: See Detall D ELEVATION Eg‘gﬁ?ggr EMSGG Detall D
Line

Typlcal Approach & Terminal Sectlons

Lower Cable

Upper Cable

«0-ib

1'-g"

LARED ANCHOR PLAN

See Detall H
For Typlcal
Connectlon
to Cable Anchor

Flnished Shoulder Lipe

18'-Q"

l Four 6'-0"spacings = 24'-0" |
I

16'=0" Typlcal
on_Tangent

Lower

{See Table A)

Cable DOWNSTREAM ONE WAY ROADWAY ANCHOR PLAN

19'1'

Ol'i i L]
e —

O3 0L,

Finished Shoulder LlLe

Jer

“—LIne Post

] L-Upper Cable | 16'-Q" Typlcal ]
18'-0" Four 6'-0"spacings = 24'-0" on Tangent
- (See Table A) .
42'-0
Lower Cable TANGENT ANCHOR PLAN
@% EJ%pmﬂr Cable 16'-0" Typlcal l
|8'-0" L Four 6&'-0"spacings = 24'-Q0" on Tar?gen'l' J
¥ e ] (See Table A) -
42'-0 4
Concrete Anchor ANCHOR ELEVATION |6'-0" Typlcal
See Detall F 18'-0" .. B0 B=0% . g=gr . 6'=0" . on_Tangent
| k | (See Table A)
e = ﬂﬂ M] ﬂﬂ Leinished
| Ground Line Shoulder
' _'end Posts: See Detall Line

(See Detall E)

Figure A-3. Cable Guardrail to W-Beam Transition Design Details (Continued)




— 8° for Flared Anchor F:"
3'-0"Dlameter 2* for Downstream One =
Concrete ‘FOO‘HI’\Q wqy Roodwqy Anchor o x
o 21° for Anchor at L lw
3 Bridge In Cable Transition = o
o e a {.:
3 It 53 5%
a 3 4" . 4 3 =T L "o 4"'
w .3 e s b o P
g rT : . r : g X
- 7 -n< T = b |
: =P -
2 = ! H - = w /1 =N
- S 5
— = !
3 = - o
[ 2 o
v I Tg_uo " @ " O ‘:Q‘ 5 H & ;""“f-{—'3
Line Post PLAN I 3 J 3" ] 3 ] O b
' r:?_* | x mg
NQDOG® 1 P———@ HES L&
I« . i : ; - O
b = o o=
i Working Point el 1 x| 3] = 5
- o
N ]
i l Cable Anchor Bracket Y6" round brass rod - Bend
Rods to project Il(z" : %6 '.'__I r_ both ends after Installing cables
g above the concrete | I/
[P N i
L= 3" H- /4l A4
E - (Typ') i -4 IQI | I i |/4V Typ.
R T Ti] TIIT |HINN] 1
= "
s |
s =2
Eé e CABLE ANCHOR BRACKET
= ——— 8 - ¥"round x |8"long steel rods conforming to
ASTM A449 with the ’rog 6" of the rods galvanized
according to ASTM AlS53.
Provide Heavy Hex nuts conforming to ASTM AS563
at each end of each rod plus a flat washer at the top
No. 3 Bars end. After the top nuts are Installed, punch the threads
b to prevent rotation.
Class M-5 — » 6'x 14" /4*Plate - Punch or drill to
> Concrete B the same plan pattern as the Cable
v E § Cast In Anchor Bracket.
§ o) place - No
M| forms
G 10% necessary
1(0E &
2 o g DETAIL F CONCRETE ANCHOR

Figure A-4. Cable Guardrail to W-Beam Transition Design Details (Continued)




Kesper Rod must Cable End Assembly Rod
=g 411_ 10 be Installed |.844"
Sa. »Zﬂs (Galv.) 0.431" | '
" i
?Sableséncl;og Bracket . e ?3
I ee e of 6) <0.I25“ 2203'R Typ.
DETAIL G
AIL H TYPICAL WEDGE FOR ALL
SSEMBLY ROD SPLICES & CABLE
BLE ANCHOR BRACKET FITTINGS
Hondect S1aeles
- i urnbuc alv.
~NQbbW I?.Iu'fs%(GaI!/{.)} 5% (12" Takeup) grqb;fal%ggbl‘ecolsr*ons)*eel
r |'-6" e
igtten U X Typlcol edge
_________ Y e — —  — - ee Deta
7/2" | 3 | /2" 1/2" b' a a'~ 10 Sa.
3 e RH. Thread ' R.H.Thread 12" L.H. Thre dl'l]/ i Tﬁg;q‘gc'\'-’
) Flatten 1/ 4
%‘g for Wrench
= DETAIL A
e STEEL TURNBUCKLE CABLE END ASSEMBLY
§ MIinimum Tenslle Strength - 25,000 Lbs.
= Cast Steel or Malleable
= g b e
= - 5§ . i /2" Long (Galv.)
O (12" Takeup) A spring Wire (Galva SOPTD9 STOP 472
R Thread | IR.H. Thread ? H. Thread ofc.Ja min. ' 18 St \elwd
T e
nl . .
2 - %"-10 Sq Flatten |l/g"—— | i —R-H. Thread (Ts’e"é'“‘SLi‘Eﬁ%?
NuJ: (Galv.) for Wrench
D
i od [ DETAIL B
5 N Ig SPRING CABLE END ASSEMBLY WITH TURNBUCKLE
0 ¥ (COMPENSATING DEVICE)
RS
5] m Fr
> |8

Figure A-5. Cable Guardrail to W-Beam Transition Design Details (Continued)




/2" %" Hex Bolt & Nut  See Sketch No. | Hook Bolts
e with 2 Washers for hole spacing ) See Detall C 1
T .= %"8 holes for = gu A -
Tgf Hook Bolts i " b T
~N ‘ = > - 31/2||
: y e
= S3x5.7 Steel o i 4
% L~—1 Beam Post 1 3 = 5
| Finished| IShoulder Line
7 \ Finished® s,
&5 LIne Post with Shoulder | 3
i End Post Cap & M ko Line /4[>2 Yo
< Vo'x 8 Plate End Post Bracket & h
| 4 - 4llx 8“ = /
= - T U____Plate | |
4] Slde View Front View
~NQUD® Front View Front View Side View
Detall D
Sketch No. | End Post Detall E
Line Post Line Post
gg :45 i BNA+S.H.
ax u
= e A % "@ holes for ¥;"bolts
":; \/_u (/.0 /2" long with nuts and washers.
o Vis" to "~ " fts torqued to 100+ 20 Ft.Lbs.
= T 4 after post Is driven.
= S3x5.7 Steel -
E Ye" 0 1" 1 Beam Post E j:l e
= . A
Alternate type hook bolt.
= l l w End Post
= B < = Bracket
N A
Y6" @ A.S.H. Hex b 6" @ A.SH.
(3
éacking Nut or T Hex Nuts E ;j
approved Shoulder EA \
must e_cgu | tearing 4 N |
area o Y S
standard II§IU1' -4|/2“ R.H. Thread 24" % 3 x l/‘« x 8" Long A
Sectlon A-A
g T S
Detall C
Hook Bolt

9 o G says
10629
YIGNON IV
966/ ‘G2 48qoio0

STEEL 1 BEAM CABLE GUARDRAIL POST

Figure A-6. Cable Guardrail to W-Beam Transition Design Details (Continued)




" 1/ " 1/.n
Hook Bolts ot x 1% 1ox | ox 1" <1¥a"x 1'/a"x V/g"x 2//4" Long
¥;" Steel Cables | el gl ook Bolt Sand after " ; ” o
" ap: 3" n "Lon
— 4], 372 H—'/.s"’ro Vg" cable Is R e 9
o 38 b I Installed
woiilbhe W o Hameres AYER YL 2T YWwwstl 0 [T
2 [Ny Finished || 4 1bs/Ft / e
A= L'»;A A Shoulder {| Flanged ?G% /4
*l= Line Channel = A
Steel 5%"Dla. L.
| Post I ASH. r—
Il ] 11 Hex Nut w ?‘ £
\\ K— : s’ Dla. AS.H. Hex Backin X
il " " " n u or a rove oulasr e H 1 o
n 12"x6"x6"x /8 mus; equcc,:lpl,-reorlng area Lol D814
1 Anchor Plate /S" standard nut ———
L or Alternate ol
Anchor Plate Hook Bolt e .
~NQR00W . 4
Front View Side View
DETAIL E
Alternate Line Post
% _ {20 2,, Bar: /2" x 2" x 2"Long
L 3.5" = End Post Cap
E 0.718%~ -
S = Y Dl ] %
o .75 \\.j_ \—I2"x6"x6"><|/8" e %" Dla. : I
E s Anchor Plate e ™ " N
671" .. |
= %" x 22" bolt with 6" | A
Sectlon A-A nut and heavy dut & o
; e lookwasher d Anchor Plate o
FLANGED CHANNEL STEEL CABLE GUARDRAIL POST Airernate
GENERAL NOTES: Anchor Plate
Flanged Channel Steel Posts shall be produced from high strength steel according to ASTM A499 Grade 60.
Alternate Anchor Plate shall be ASTM A36 steel. Anchor Plate Is carbon steel sheet,
” v § Bolt per ASTM A354 Grade BD or BC. Nut per ASTM A563 Grade DH.
g 0)5, § Finish:
& @ > S Bolt - Cadmlum plated per ASTM AIE5-80 Type 0S except using clear chromate.
§ Q g & Post & Anchor Plate - High quallty dark green outdoor acryllc enamel.
()] -
E @ Alternate Anchor Plate - unfinished.

Figure A-7. Cable Guardrail to W-Beam Transition Design Details (Continued)




/—-£I ¥ x 1 V"X Ya"X 2 Ya"Long

ety e
-
o~ L]
|
I
l
|
s
T
...... I'
|
|
I
|
| ol

GENERAL NOTES:

/—Bcr: " X V"X 2"Long

Upper Cable
(Typlecal) _:_4'3
w
W Beam A
Guardrall
s e e e B ol | ———— -

Use Standard Button

Head Splice Bolt

Middle Cable ==

Lower Cable \
.‘."L 2 ﬂ

Bend over after
Cable 1s installed

Cap: 3"X 3" X 27"Long

1 Y

Steel| used In the fabrication of the bracket shall conform to ASTM A36.
The bracket shall be galvanized after fabricatlon according to ASTM Al23.

August 16, 1995

NQDDO

W BEAM TO 3 CABLE TRANSITION BRACKET

PLATE NUMBER
629.03

Sheet lof |

Figure A-8. Cable Guardrail to W-Beam Transition Design Details (Continued)
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7" Dla. hole drilled 1
through post & Dlock\ —[
l"t;

0" Min. — _3_‘_ '

____%ﬂ
7

54" Dla. Bol

TOP VIEW

Top of post and top of 2-20d Galvanized or

block to be flush. 1/ ungalvanized common nalls.
I/ =
Alternate nall position— N / L—/z Min.

1¥s" Round Galv. + T /
Steel Washer

54" Dia. BoH'—-J 8"
6B | 4° ~———Face of Rall
Block
6"x8" ]’ ..
21"
Post Yo" MIP.
8" Finished Edge of Roadway,

Finlshed Shoulder Line,
Instaliation Line or Front
Face of Curb.

Asphalt Concrete

T ————Granular Material

*45' gt MELT or BCT nose to 3.5'
at MELT or BCT tangent point
when MELT or BCT Is used alone.
3.5' at MELT or BCT nose when
used In conjunction with cable
transitions.

=sThe 27 Inches shall be
measured from the gutter
surface when guardrall Is
over front face of curb.

GENERAL NOTES:

Dimensions shown In these plans illustrating height of posts and rall above
the stoted surfaces are nominal.

Top of posts and top of block to be true square cut.
January 27, 1997

PLATE NUMBER

W BEAM GUARDRAIL POST INSTALLATION 630.0/

Sheat lof |

NQURRN

Figure A-9. Cable Guardrail to W-Beam Transition Design Details (Continued)
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Il_glr |2| = Gnor 251 = O"‘

o

6'-3" (TYP.}

¢ Post Bolt Slot ¢ Post Bolt Slot & Post Bolt Slot

27"

LY

Lap Guardrall

W Beam End Section (Flared)

GENERAL NOTES:
All beam type guardrall shall be Type |I.

There will be no separate payment for furnishing and Installing W Beam End
Sectlons (Flared) or W Beam Terminal Connectors. All costs for same to be
included In the contract unit price per linear foot for the guardrall involved.

Beam section lengths may be |2'-6"and / or 25'-0" The combination of
section lengths used shall be compatible with the run of the rall called
for In the plans.

W Beam End Sectlons (Flared) shall only be used In a one way traffic situation
in the Tralling End Terminal shown on Plate Number 630.25.

Over W Beam End Section (Ground Line tﬁpra‘FD‘g‘!l—gcﬂon

Aprll 8, 1998

PLATE NUMBER

INSTALLATION OF W BEAM GUARDRAIL 630.04

NQDUG

Steet faf |

Figure A-10. Cable Guardrail to W-Beam Transition Design Details (Continued)
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Sheet Thickness

SECTION THRU RAIL ELEMENT

B "R
2y, 1 /\
e = i
3 7 =
o~ =
/IS,{G ./ A <
y a —=1
f= 3/Lu | fom 1 fw (W] o 2
. |2 2% 3Va Live | 34 = ‘ o
w| F i 8 &
=| - a
e 3
- 120" %™ a
I

| SEII I
(+Yig" = Yea

(Recess against

SPLICE

| 1% or | %"

BOLT PoST BOLT - Similar Except 18" Long

I"Dia. x Yg" Deep Recess
One or Both Sides

rall)

w

=
== L
| |
2 b
Wi " L— :

_

€
41/ 2 (=1 74"+ /q™ uardrail Elements
S | v
R A |
\ Pl ' | Past Bl Sick %" Post Bolt
) ! les o 2
/ l E—£/I’ I
/ | | |
{ GBI 'ea I € Rail
N = e | Element
=SS bv-—-f“'} \S lice Bolt Slot
A e I 4/a B X 1
B/2" Lap in Direction
of Traffic
RAIL SPLICE
September G, 1996
g PLATE NUMBER
D | W BEAM RAIL RAIL SPLICE AND HARDWARE | 65996
? Sheet of |

Figure A-11. Cable Guardrail to W-Beam Transition Design Details (Continued)
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130" for nonflared Installotlons or 37.5' when the coble transition Is Installed - flared or nonflared.
Same slope os malnline Inslope - may be as steep as 2:1 If cable tronsition Is Installed.

0.02 slope Is normolly used but up to 0.10 slope Is ollowed.

41l I8 deslirable slope, If Impractical o 31l moximum slope moy be used - 2il If coble tronsitlon Is Installad,

Any slope ollowed - 21l or flotter preferred. End Post (Wood Breokawoy) Required

& 3 ond Inserted In Steel Tube Plote
165' grading transition 1 *
Wood Breokaway post 1¥3" Round
tor- Tiorad Inatallations Required and Insertad In Steal Tube Washera
1¥4" Rectangulor
Surfaced é | Plate Washers
Embankment Wood Posts with e
6"%B"x!1 4" Blocks (Typ.) s {
> LR
1 L e e ) g
% S LG OV
| a| | H "
Finlshed Edge of Roadway - = =
Finlshed Shoulder Line, Installation =] P PLAN DETA“— A

Line or Front Face of Curb

37'-6" Parabolle Curve

NObLY PLAN i
Wood Breckaway Post - 16" i2"
/Z'i" Tt /—Cloaa A W Beam l = I 1 on a4t 2] .
F * HIE R N R D
W et ispilco 8o ot W
= z&nag?:ﬂaod—b ]I ] ¥ Boit Holea//E/ = P |"<>‘|
o [] o
5 E SEE DETAIL A 545 (FINISH FOUR SIDES) I o = i ; -
i 3
- = e— ELEVATION sl - =1 St - H
= E Sectlon (Buffer) Trim Post DETAIL & 2% Do,
= g 11" Radlus as Required B ftﬂb':, Assembly Hole 1End
= Modifled W Beam Connector| = o Posts e 1]
= = (See Plate No. 630,091 = g only)
E s I%-:ound ‘é‘ ¥, Dia. Holeas - r/ T T %" Dla.
= = Was ;:_ N 2K Dl Holer 4 ; E:m ' WL_..I 14-5/8" $o_bottom 5 Bolts
oo = Ban 3 L | * Dla. Machl in
z E | 18 \ SESGS (=2 DE{:ML 4 an: v/qu:;ars 6 e 4
on Front Face- SEE
o Totol 8
ﬁ g s Saloeur A _ C1 #ae 0 i ) %~
| e - #All holes centered on respective sides
= VIEW A-A ELEVATION DETAIL A
= WOOD BREAKAWAY POST
oo GENERAL NOTES:
-""-§ Cable shall be ¥;", Type |11, Class A Coatlng conforming to AASHTO M30.
== Steel tubes shall meet the requirements of ASTM Specification A500, Grade B, and shall be galvanized after

fabrication In accordance with the requirements of AASHTO Specification MIII.

The Anchor Bracket, Soll Plate and Beclrln? Plate shall be fabricoted from steel conforming to ASTM A36 and galvanized
after fabricatlon according to ASTM AlZ23.

The W Beam End Sectlon (Buffer) shall be 12 gage galvanized steel.
All hardware shall be galvanized according to ASTM Al53.

The contract unlt price per each for W BEAM GUARDRAIL BREAKAWAY CABLE TERMINAL Is to Include the anchor bracket, cable
assembly, steel tubes, soll plates, bearing plate, plpe sleeve, W beam end sectlon (buffer), modifled W beam terminal
connecter and all hardware to attoch same. The wood breakaway posts and guardrall will be palr for at the contract
unlt price per linear foot for W BEAM GUARDRAIL STRAIGHT, CLASS A, WOOD POSTS.

Z o) pys
gc 0£9
YIGNON LT

266/ L Aol

Figure A-12. Cable Guardrail to W-Beam Transition Design Details (Continued)



BLET Phg 1 e
“Plate " Dia. Holes
C— _— V :
- ,
15" 1 115 o ]
|=1/16 = =
| oia. \é_ % s o Gl - =
0 1 Fem il )
L ! = - A ~
' v el o
RECTANGULAR PLATE WASHER Q"
BEARING PLATE DETAILS PLATE
SOIL PLA
51/ xTY/2"
gggs Breakaway Steel :L —
Bearing oy i 5 T [ 50F I[ Tube = —T—%—\
Plc‘re\ l‘"h—:f_\i--f_ﬂ/—Wozod Bréokowoy o z gt ) | ¥," Dig.
Post = = Eauiies Holes
2"x 6" Standard™ = — ' 7-
Galvanized L: 0.1875"— =
e i I i S
o rmal WaBHEH F,=\i_— _ ThlcknessDETA]L ~ Plate |
LI, A
SR Nl
¥,* Dla. Hole l Ground N , 8"x6"x0.| 875"
Thru Tube Line 5 rg = .
= STEEL TUBE
s bl LL’\_’J'\STeeI Tube EI.
DETAIL B Vg -l /g Hex Nut For
Dia. 2|/4.. | i 5/8" Bolt

2: "
¥e" min. thickness END PLATE ‘—ﬁ .
I%"/ ol 3" End Piate |8 _"/é R.
" g. Hex Nut For |"Stud 3 _IS:
o

e S 1V " Hole—] r
%l ’ 1" Dia. Stud )
1" Jam Nut ¥y" Bolt %R R,
E-mndcn;_d Swfoged Hole
onnection ToOr 1" S+ | W h
B U yea e
SECTION A-A
(END PLATE REMOVED) ANCHOR BRACKET DETAILS
6'-6"
I"Dia.x T"Long ., 2% ", 5"
Ert?idreTT;?%qr%d Bt e >t fe Y /—74" Cable to be Swage Connected
IR, § ls — 9_'? A (N o couuooouuuuuoune
— %" =14 ¥," Dia. Galvanized Cable
Standard Swaged Fitting And Stud CABLE ASSEMBLY Way 7. 1997

PLATE NUMBER

W BEAM GUARDRAIL BREAKAWAY CABLE 630.22

TERMINAL (NEW RAIL-STEEL TUBE)

Sheet 2 of 2

NQDDRG

Figure A-13. Cable Guardrail to W-Beam Transition Design Details (Continued)
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Neutral Axis of Beam Element

§ ya —
i S
! 2 - & .

Approx. 26° bend and extra hole required only for Modifled Eccentric Loader Terminal
or Breakaway Cable Terminal application (Modifled W Beam Terminal Connector)

€
4 Bolt Insert

I'-4%" |
-
3 4/ 4" 8/2" R .
T
}
o o o — |
= o ot tygs ) <1~
; | "
ey
F Y4t x 25" » =
,—_{:—\/ Post Bolt Slot A ,1\ | d5 \ =
=== puy \lj T B N
iy ™
o / CI D “tBeam Element P!
- addp 1
\Typlcol Location=1" Steel
\ Splice Bolt Washer-8 Required
¢ Slots
%u % 3-
W Beam Terminal Connector
—’I r—.l34'
' 2.000" '
GENERAL NOTES: " Steel Washer
W Beam Terminal Connectors shall be |0 gauge.
When the W Beam Terminal Connector Is used to connect guardrall to the bridge, 1" Steel
Washers are to be used In the spllce and In direct contact with the 3"slot of the
W Beam Terminal Connector. This means that the washers will be Inslde the W Beam
Terminal Connector when the guardrall Is lapped over the W Beam Terminal Connector
and outside the W Beam Terminal Connector when the guardrall is lapped under the
W Beam Terminal Connector.
There will be no separate payment for furnishing and Installing W Beam Connectors.
All costs for same shall be Incidental to the unit price bid per lInear foot
for the guardrall Involved. October 4, /996
g PLATE NUMBER
D W BEAM TERMINAL CONNECTOR 630.09
n
o AND 1" STEEL WASHER
T Sheet lof |

Figure A-14. Cable Guardrail to W-Beam Transition Design Details (Continued)
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APPENDIX B
ACCELEROMETER DATA ANALYSIS, SDC-1
Figure B-1. Graph of Longitudinal Deceleration, Test SDC-1
Figure B-2. Graph of Longitudinal Occupant Impact Velocity, Test SDC-1
Figure B-3. Graph of Longitudinal Occupant Displacement, Test SDC-1
Figure B-4. Graph of Lateral Deceleration, Test SDC-1
Figure B-5. Graph of Lateral Occupant Impact Velocity, Test SDC-1

Figure B-6. Graph of Lateral Occupant Displacement, Test SDC-1

97




e

W5: Long[ty_ijiqal Deceleration - Test SDC-1 (Eﬁ!-tl) N
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0.0 0.1 0.2 0.3 04 0.5 ) 0.6 07 0.8 0.9

Figure B-1. Graph of Longitudinal Deceleration, Test SDC-1
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W6: Longitudinal Occupant Impact Velocity - Test SDC-1 (EDR-4) - - -
&0
- — — il ORI, S—
7
2 : st
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o .
i 5
5 W il ; SO, NN  WNNRPPRTTRN . S———
0.0 o1 o2 TTes T —" o 70,16 T 5
Sec

Figure B-2. Graph of Longitudinal Occupant Impact Velocity, Test SDC-1
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Figure B-3. Graph of Longitudinal Occupant Displacement, Test SDC-1
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Figure B-4. Graph of Lateral Deceleration, Test SDC-1
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Figure B-5. Graph of Lateral Occupant Impact Velocity, Test SDC-1
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APPENDIX C
RATE TRANSDUCER DATA ANALYSIS, SDC-1

Figure C-1. Graph of Roll. Pitch. and Yaw Angular Displacements, Test SDC-1
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Figure C-1. Graph of Roll, Pitch, and Yaw Angular Displacements, Test SDC-1



APPENDIX D
ACCELEROMETER DATA ANALYSIS, SDC-2
Figure D-1. Graph of Longitudinal Deceleration, Test SDC-2
Figure D-2. Graph of Longitudinal Occupant Impact Velocity, Test SDC-2
Figure D-3. Graph of Longitudinal Occupant Displacement, Test SDC-2
Figure D-4. Graph of Lateral Deceleration, Test SDC-2
Figure D-5. Graph of Lateral Occupant Impact Velocity, Test SDC-2

Figure D-6. Graph of Lateral Occupant Displacement. Test SDC-2

106




LOIT

Figure D-1. Graph of Longitudinal Deceleration, Test SDC-2
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Figure D-2. Graph of Longitudinal Occupant Impact Velocity, Test SDC-2
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Figure D-3. Graph of Longitudinal Occupant Displacement, Test SDC-2
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Figure D-4. Graph of Lateral Deceleration, Test SDC-2
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Figure D-5. Graph of Lateral Occupant Impact Velocity, Test SDC-2
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Figure D-6. Graph of Lateral Occupant Displacement, Test SDC-2




APPENDIX E
RATE TRANSDUCER DATA ANALYSIS, SDC-2

Figure E-1. Graph of Roll, Pitch, and Yaw Angular Displacements, Test SDC-2
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APPENDIX F
ACCELEROMETER DATA ANALYSIS, SDC-3
Figure F-1. Graph of Longitudinal Deceleration, Test SDC-3
Figure F-2. Graph of Longitudinal Occupant Impact Velocity, Test SDC-3
Figure F-3. Graph of Longitudinal Occupant Displacement, Test SDC-3
Figure F-4. Graph of Lateral Deceleration, Test SDC-3
Figure F-3. Graph of Lateral Occupant Impact Velocity. Test SDC-3

Figure F-6. Graph of Lateral Occupant Displacement. Test SDC-3
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Figure F-1. Graph of Longitudinal Deceleration, Test SDC-3
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Figure F-3. Graph of Longitudinal Occupant Displacement, Test SDC-3

0.4

05

0.6




| W6: Lateral Deceleration - Test SDC-3 (EDR-4)

20 - ' ........ SRR o : i == : ................. e 5

611

T/ - VR s . B T e D Ll == pesnsussston st s R e PSR "

0.0 Y 02 ’ 03 Y Y 06
Sec

Figure F-4. Graph of Lateral Deceleration, Test SDC-3
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Figure F-5. Graph of Lateral Occupant Impact Velocity, Test SDC-3
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Figure F-6. Graph of Lateral Occupant Displacement, Test SDC-3




APPENDIX G

RATE TRANSDUCER DATA ANALYSIS, SDC-3

Figure G-1. Graph of Roll, Pitch, and Yaw Angular Displacements, Test SDC-3
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Figure G-1. Graph of Roll, Pitch, and Yaw Angular Displacements, Test SDC-3






