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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 ofW-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, RecommendedProceduresfor 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 

exist in the system. Following this analysis, if serious questions arose overthe 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 
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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 Pelformance 

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 l.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-lb/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: I 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 G I three-strand cable guardrail system was successfully crash 

tested by the Texas Transportation Institute according to the TL-3 conditions ofNCHRP 350 (2) . 

The 'I.-ton pickup truck, with a gross static mass of2,075 kg (4,575 Ibs) , impacted the guardrail at 

a speed of95.1 krn/hr(59 .1 mph) and an angle of26.7 degrees, resulting in a maximum dynamic rail 

deflection of 2.4 m (7.8 ft). 
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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) ofNCHRP Report 350, approach guardrail transitions must be subjected to two full­

scale vehicle crash tests: (1) a 2,000-kg (4,409-lb) pickup truck impacting at a speed of I 00.0 kmIhr 

(62.1 mph) and at an angle of25 degrees; and (2) an 820-kg (l,808-lb) small car impacting at a 

speed of 100.0 kmlhr (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-lb) small car and one with a 2,000-kg (4,409-lb) pickup truck - were believed necessary 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 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) occupant risk; and (3) vehicle traj ectory after collision. Criteria for structural 

adequacy are intended to evaluate the ability of the barrier to contain, redirect, or allow controlled 
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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 I. NCHRP Report 350 Evaluation Criteria for 820C and 2000P Crash Tests. 

Evaluation 
Test Designation 

Factors 
Evaluation Criteria 

2000P 820C 

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

acceptable. 

D. Detached elements, fragments or other debris from the X X 
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 cou ld cause serious injuries 
should not be pennitted. 

F. The vehicle should remain upright during and after collision X X 
Occupant although moderate ro ll, pitching, and yawing are acceptable. 

Risk 
H. Longitudinal and lateral occupant impact velocities (m/s) should X 

satisfy the following: 
Preferred Maximum 

9 12 

I. Longitudinal and lateral occupant ridedown accelerations (G 's) X 
should satisfy the following: 

Preferred Maximum 
15 20 

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

L. The occupant impact velocity in the longitudinal direction shou ld X X 
Vehicle not exceed 12 mls and the occupant ridedown acceleration in the 

Trajectory longitudinal direction should not exceed 20 G's. 

M. The exit angle from the test article preferably should be less than X X 
60 percent of test impact angle, measured at time of vehicle loss of 
contact with test device. 
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4 CABLE GUARDRAIL TO W-BEAM TRANSITION 

The overall layout of the cable guardrail to W -beam transition system is shown in Figures 

I through 3. Photographs of the transition system are shown in Figures 4 through 8. Additional 

design details are provided in Figures A-I through A-14 of Appendix A. The cable guardrail to W­

beam transition consisted of three major systems: (I) 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 

('I.-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 (S3x5.7) steel posts­

twenty-three placed in soil and nine placed in the existing concrete tarmac. Post nos . I C through 23C 

were configured with soil plates measuring 6.4-mm (y.,-in.) thick by 203-mm (8-in.) wide by 610-

mm (24-in.) long. The center-to-center spacings for post nos . IC 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 . I C 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 M 147 -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. 

lC - 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 

(l2-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 I ,905-mm (6-ft 3-in.) on centers. Post nos. I W through 2W were 140-mm (5 Y:,-in.) wide by 190-

mm (7 Y:,-in.) deep by 1,080-mm (3-ft 6Y:,-in.) long and were placed in steel foundation tubes. Post 

nos. 3W through I I W were I 52-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 (l4-in.) long were used to block the W-beam 

away from the face of the post nos . 3W through II W. 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 guardrail using an 1,905-mm (6-ft 3-in.) long W-beam to thrie beam transition 

section. 
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Figure 6. Cable Guardrail to W-Beam Transition - Upstream and Downstream Views. 
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Figure 7. Upstream Cable Anchorage. 

15 



Figure 8. Downstream Cable Anchorage. 
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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 (1Q) 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 VehicIes 

For test SDC-I , a 1993 GMC 2500 CI.,-ton) pickup truck was used as the test vehicle. The 

test inertial and gross static weights were 2,013 kg (4,438 Ibs). 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 2S00 (,I.-ton) pickup truck was used as the test vehicle. The 

test inertial and gross static weights were 2,023 kg (4,4S9Ibs). The test vehicle is shown in Figure 

9, and vehicle dimensions are shown in Figure II. 

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 ,769Ibs) and 878 kg (l ,93Slbs), respectively. The test vehicle is shown 

in Figure 9, and vehicle dimensions are shown in Figure 12. 

The Suspension Method (ll.) 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 ofthese 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 IS. 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 SB 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 I 0,000 

Hz. The environmental shock and vibration sensor/recorder system, Model EDR-4M6, was 

developed by Instrumented Sensor Technology (1ST) 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 I (DM-l)" and 

"DADiSP" were used to digitize, analyze, and plot the accelerometer data. 

A backup triaxial piezoresistive accelerometer system with a range 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 (1ST) of Okemos, Michigan. The EDR-3 was 

configured with 256 Kb of RAM memory and a 1,120 Hz lowpass filter. Computer software, 

"DynaMax I (DM-l)" and "DADiSP" were used to digitize, analyze, and plot the accelerometer data. 

5.4.2 Rate Transducer 

A Humphrey 3-axis rate transducer with a range of250 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 I 

(DM-I)" and "DADiSP" were used to digitize, analyze, and plot the rate transducer data. 

S.4.3 High-Speed Photography 

For test SDC-I, five high-speed l6-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-mrn 

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 balTier. A Locam withazoom lens was placed on the traffic side of the banier and had 

a field of view perpendicular to the barrier. Two Locam cameras were placed downstream and 

behind the balTier. A schematic of all five camera locations for test SDC-l is shown in Figure 16. 

F or 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-mrn 

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 banier and had 

a field of view perpendicular to the balTier. 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-mrn 

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 a zoom 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 ofthe 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. 
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Figure 9. Test Vehicles, Tests SDC-l, SDC-2, and SDC-3. 
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Dote: _-----'8.o.,/LL1l..,11-1.::<.9!.?8 __ Test Number: _~S"'D"'C"'_-=-.!1 __ Model: __ --"2;.,5"'0"'0"---__ 
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Figure 10. Vehicle Dimensions, Test SDC-l. 
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Figure 11. Vehicle Dimensions, Test SDC-2. 
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Date: 8/31/98 Test Number: SDC-3 Madel: __ ---.JM=e..\.t rL.l0L-__ 

Make: GEO Vehicle 1.0.#: 2C 1 MR246XR6739458 
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Figure 12. Vehicle Dimensions, Test SDC-3. 
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Figure 13. Vehicle Target Locations, Test SDC-l. 
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6 COMPUTER SIMULATION 

Computer simulation modeling with BARRIER VII (ll) was performed to determine the 

critical impact point (ClP) for a pickup truck impacting the cable guardrai l upstream of the BCT. 

This ClP was based on the impact condi tion 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 model ing a 2000-kg (4,409-lb) pickup truck impacting at a speed of 1 00.0 km/hr (62. 14 

mph) and at an angle of 25 degrees. 

The ClP ' s for the remaining two crash tests were chosen to evaluate the fo llowing: (I) the 

potential for a 2000-kg (4,409-lb) 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 (I ,808-lb) 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-I 

The 2,0 13-kg (4,438-lb) pickup truck impacted the cable guardrail to W-beam transition at 

a speed of 101.9 kmlhr (63.3 mph) and an angle of27.6 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 (17V.-in.) upstream from post no. 14C, as shown in Figure 

24. At 0.014 sec after impact, the right-front comer 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 llC at 0.045 sec, 0.085 sec, and 0.ll5 sec after impact, 

respectively. It is noted that the top two cables were removed from post nos . 12C and IIC prior to 

the vehicle contacting them, thereby causing the posts to deform. At 0.154 sec, the right-front comer 

of the vehicle had moved to the same lateral offset at post no. I 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 0.3 3 5 sec, thus resulting in the fracturing post 

no. I W 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. I W and 2W with the BCT 

terminal and post no. I 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 of58.7 

km/hr (36.5 mph) and with the entire vehicle positioned laterally behind the original longitudinal 

location ofthe 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 0.8 13 sec, the right-front comer of the 

vehicle moved downward and rolled clockwise slightly, thus allowing the right-front bumper to 

contact and fracture post no. 4 W. 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 contacted 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 (I ft - 9Yz 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. I C through 14C were 

deformed above the ground line, while post nos. 15C through 17C were rotated in the soil. Wood 

post nos. I W through 4 W were fractured, while post nos. 5W through II W 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 rod. 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 panel 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 ofthe 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 (1 5. 17 ftls) and 2.99 rnlsec (9 .82 fils) , respectively. The maximum O.OIO-sec average 

occupant ridedown decelerations in the longitudinal and lateral directions were 12.21 g's and 7.36 

g's, respectively. It is noted that the occupant impact velocities (orV) 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-l 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-l 

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. 

37 



0.000 sec 0.100 sec 0.24 1 sec 0.335 sec OAI7scc 

• 

1--------- 22.2Bm -------~..j 

• Test Number .. . . .......... ... SDC- I • Vehicle Speed w. Date .... .. .................. 8111198 00. Appurtenance . ............... Cable Guardrail to W-Beam Transition 
Impact ... .. ..... ... . .... .... 101.9 kmlhr 
Exit .................. . . . .. NA 

• Three-Strand Cable Guardrail • Vehicle Angle 
Diameter ................. 19.0 mm Impact ..... . ......... . ..... . 27.6 deg 
Specification .............. 3 x 7 Wire Rope Exit ....................... NA 
Top Mounting Height ....... 686 mm (center of upper cable) • Vehicle Snagging ............. . . .. ... Minor tire and undercarriage 

• Steel Posts snagging on posts 
Post Nos. IC - 32C ......... W76x8.5 • Vehicle Pocketing . ................... Minor 

• W-Beam Guardrail • Vehicle Stability ..... ... ... . ......... Moderate roll angle but stable 
Thickness ... .. ........... 2.66 mm • Occupant Ridedown Deceleration (10 msec avg.) 
Top Mounting Height ....... 686 mm Longitudinal .................. 12.21 G's < 20G's 

• Wood Posts Lateral (not required) . . . . . . . . 7.36 G's 
Spacing .. . ...... .. ....... 1,905 mm • Occupant Impact Velocity (Normalized) 
PostNos.IW-2W ......... 140mmx 190mmx 1,080mm Longitudinal . .. ............... 4.62 mls < 12 mls 
Post Nos. 3W - IIW ...... .. 152 mm x 203 mm x 1,829 mm Lateral (not required) . . . ........ 2.99 mls 

• Wood Spacer Blocks • Vehicle Damage . .................... Moderate 
Post Nos. 3W - IIW ........ 152 mm x 203 mm x 356 mm TAD" ....... . ........ . ... . . . I-RFQ-3, 12-FC-3 

• Soil Type .................... Grading B - AASHTO M 147-65 (1990) SAE 14 
••••••• •••••. . •• • . • •• . . OIRFEW2, 12FCLNI 

• Vehicle Model .... . ........... 1993 GMC 2500 (,I.-ton) 2WD • Vehicle Stopping Distance . . .. . . . ...... 22.3 m downstream 
Curb ...... . . . ........... 2, 173 kg 0.55 m behind traffic-side face 
Test Inertial . . . ...... . .... 2,013 kg • Barrier Damage .. . . . ................. Extensive 
Gross Static .............. 2,0 I 3 kg • Maximum Dynamic Deflection ... .. .... 2.4 m 

Figure 19. Summary of Test Results and Sequential Photographs, Test SDC-1 
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Figure 20. Additional Sequential Photographs, Test SDC-J 
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Figure 21. Full-Scale Crash Test, Test SDC-1 



Figure 22. Full-Scale Crash Test, Test SDC-1 



F}gure 23. Full-Scale Crash Test, Test SDC-1 
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Figure 24. Impact Location, Test SDC-l 
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Figure 25. Cable Guardrail to W-Beam Transition Damage, Test SDC-l 
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Figure 26. Breakaway Cable Terminal Damage, Test SDC-l 
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Figure 27. Upstream Cable Anchorage Damage, Test SDC-l 



Figure 28. Do·wnstream Cable Anchorage Damage, Tesl SDC- 1 



Figure 29. Vehicle Damage, Test SDC-l 
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8 CRASH TEST NO.2 

8.1 Test SDC-2 

The 2,023-kg (4,459-lb) pickup truck impacted the cable guardrail to W-beam transition at 

a speed of I 01.8 kmlhr (63.3 mph) and an angle of25.2 degrees. A summary of the test results and 

the sequential photographs are shown in Figure 30. Additional sequential photographs are shown 

in Figure 3l. 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 comer of the vehicle impacted the W-beam rail at the midpoint 

between post nos. 3W and 4W. The right-front comer 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 

fractured 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 iocation. 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 0.23 0 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. I C 

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 

kmlhr (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 of27.4 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 shoWll 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 Il.O-m (36-ft O-in.) 

dOWllstream 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 shoWll 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. 1 C 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. I 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 (l3-in.) upstream from the midspan between post no. 3W and 

4W. In addition, significant flattening of the W-beam rail occurred between post nos. 5W 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 rnIsec (22.43 ftlsec) and 3.77 rnIsec (12.37 ft /sec), respectively. The maximum O.OIO-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 (OIV) and occupant 

ridedown decelerations (ORD) were within the suggested limits provided in NCHRP Report 350. 

The results ofthe 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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0.000 sec 0.089 sec 

25.2' 

• 

• Test Number ....... . ......... SDC-2 
v.. Date .......... .. ....... .. ... 8/ 18/98 W. Appurtenance ...... . .. ....... Cable Guardrail to W-Beam Transition 

• Three-Strand Cable Guardrail 
Diameter . .. .............. 19.0 mm 
Specification . . .. .. ..... , .. 3 x 7 Wire Rope 
Top Mounting Height ....... 686 mm (center of upper cable) 

• Steel Posts 
Post Nos. IC - 32C . . . . ..... W76x8.5 

• W-Beam Guardrail 
Thickness .. .. .. . ........ . 2.66 mm 
Top Mounting Height . .. .... 686 mm 

• Wood Posts 
Spacing ... .. . . . .......... 1,905 mm 
PostNos.IW-2W ......... 140mmx 190mmx 1,080mm 
Post Nos. 3W - IIW ... . .... 152 mm x 203 mm x 1,829 mm 

• Wood Spacer Blocks 
Post Nos. 3W - IIW ........ 152 mm x 203 mm x 356 mm 

• Soil Type .................... Grading B - AASHTO M 147-65 (1990) 
• Vehicle Model ...... ... . ...... 1994 GMC 2500 (Yo-ton) 2WD 

Curb .. .............. . ... 2,045 kg 
Test Inertial ... . . • . • . . .... 2,023 kg 
Gross Static .............. 2,023 kg 

0.18'1 sec 0.337 sec 

1 JEJ 1.07m 

. I 

• Vehicle Speed 
Impact . . . .......•.. . ....... . 101.8 kmlhr 
Exit ........ . . .. ........... NA 

• Vehicle Angle 
Impact , ............ ......... 25.2 deg 
Exit ....... ... .. . . . . ....... NA • 

0.'1 52 sec 

• Vehicle Snagging . ....... ' ....• ' ..... Minor tire snagging on posts 
• Vehicle Pocketing .. . ' ... .... ..... .. .. None 
• Vehicle Stability .............. . ...... Moderate roll angle but stable 
• Occupant Ridedown Deceleration (10 msec avg.) 

Longitudinal ...... . ... . ....... 9.25 G's < 20 G's 
Lateral (not required) ........... 5.97 G's/-7.44 G's 

• Occupant Impact Velocity (Normalized) 
Longitudinal ... . ......... ... .. 6.84 mls < 12 mls 
Lateral (not required) ...... ..... 3.77 mls 

• Vehicle Damage ............... . ..... Moderate 
TAD" .... , ................ .. I-RFQ-4 
SAE" . . . , , .. . .. .. . . .. ..... .. 0IRFEW3 

• Vehicle Stopping Distance ....... . ..... 11.0 m downstream 
1.07 m on traffic-side face 

• Barrier Damage . ... . ........... . ..... Extensive 
• Maximum Dynamic Deflection ......... Not visible 

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 32. Full-Scale Crash Test, Test SDC-2 



Figure 33. Full-Scale Crash Test, Test SDC-2 



Figure 34. Full-Scale Crash Test, Test SDC-2 
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Figure 35. Impact Location, Test SDC-2 
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Figure 36_ Cable Guardrail to W-Beam Transition Damage, Test SDC-2 
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Figure 37. Breakaway Cable Terminal Damage, Test SDC-2 

60 



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 
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9 CRASH TEST NO.3 

9.1 Test SDC-3 

The 878-kg (1,93S-lb) small car impacted the cable guardrail to W-beam transition at a speed 

of 99.6 kmlhr (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 30S-mm (l2-in.) downstream of post no. 1 C, as shown in Figure 

4S. At 0.048 sec, the right-front comer of the vehicle reached the midspan between post nos. SW and 

6W and with the top cable extending over the hood. Later, at 0.OS3 sec, it was evident that post nos. 

SW and 6W had begun to deflect. The upper cable contacted the A-pillar of the vehicle at 0.078 sec, 

while the right-front comer of the vehicle was near post no. 6W at 0.082 sec after impact. Shortly 

thereafter, the upper cable reached the lower comer 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 comer 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 O.SO m (1.64 ft). At O.ISS sec, the 

right-front comer 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 82.0 

kmlhr (SO.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. 8W 

at 0.237 sec. At 0.352 sec after impact, the vehicle exited the barrier at an angle of7.4 degrees and 

a speed of78 .8 kmlhr (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 ofthe barrier. 

9.3 Barrier Damage 

Damage to the barrier was moderate, as shown in Figures 46 through 47. Barrier damage 

consisted mostly of deformed W-beam, displaced steel and wood posts, and stretched cables. Steel 

post no. I C 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.S Occupant Risk Values 

The normalized longitudinal and lateral occupant impact velocities were determined to be 

5.72 mlsec (18.78 ftlsec) and 5.94 m/sec (19.47 ft/sec) , respectively. The maximum O.OIO-sec 

average occupant ridedown decelerations in the longitudinal and lateral directions were 2.83 g's/-

3.24 g'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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i-------45.72m----l~ 
Test Number ... . . . . . . . . . ... . . SDC· 3 
Date . ....................... 8/31 /98 
Appurtenance ................ Cable Guardrail to W-Beam Transition 
Three-Strand Cable Guardrail 

Diameter .. .... . .. .. .. . .. . 19.0 mm 
Specification . . . . . ... . ... . . 3 x 7 Wire Rope 
Top Mounting Height. . " . 686 mm (center of upper cable) 

Steel Posts 
Post Nos. I C - 32C .... . . . .. W76x8.5 

W-Beam Guardrail 
Thickness ......... . ...... 2.66 mm 
Top Mounting Height .. .. ... 686 mm 

Wood Posts 
Spacing .... . ....... . ..... 1,905 mm 
PostNos. IW-2W . . .. .. ... 140mmx 190mmx 1,080mm 
Post Nos. 3W - IIW . . .. .. . . 152 mm x 203 mm x 1,829 mm 

Wood Spacer Blocks 
Post Nos. 3W - IIW ..... 152 mm x 203 mm x 356 mm 

Soil Type . . ... . . . ....... Grading B - AASHTO M 147-65 (1990) 
Vehicle Model . .. .. .. .. . .. .... 1991 Geo Metro 

Curb .. . ............... . . 753 kg 
Test Inertial .. . . . . . . . .... 802 kg 
Gross Static .... . ....... . . 878 kg 

• 

• 

• 
• 
• 
• 

• 

• 

• 
• 
• 

Vehicle Speed 
Impact ... . . ... . . . . . . . . . . .... 99.6 kmlhr 
Exit ..... . . . . . . . . . . 78.8 km/hr 

Vehicle Angle 
Impact ........ . • . . . . . 20.2 deg 
Exit ................ . . ..... 7.4 deg 

Vehicle Snagging .. . .. . . . .. .... . ... . . Minor tire snagging on posts 
Vehicle Pocketing .................... None 
Vehicle Stability ............... . ..... Very Stable 
Occupant Ridedown Deceleration (10 msec avg.) 

Longitudinal. . . . . . . . . . . .. .. . 2.83 G's/-3.24 G's < 20 G's 
Lateral ....... ..... 16.64 G' s < 20 G's 

Occupant Impact Velocity (Normalized) 
Longitudinal . ................ . 5.72 m/s < 12 mls 
Lateral . . .. . .... . . . ... . . . ... . 5.94 mls < 12 mls 

Vehicle Damage ... .. ... . . . . . . . . . . . . . Moderate 
TAD" ............. . ......... I-RFQ-3 
SAE" .... .. ...... . .. .. ...... 0lRDAW2 

Vehicle Stopping Distance .. . . . . .. . ... . 45.7 m downstream 
13.7 m behind traffic-side face 

Barrier Damage ........... . .... . ..... Moderate 
Maximum Dynamic Deflection . .. .. .. .. 0.50 m 

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 43. Full-Scale Crash Test, Test SDC-3 



Figure 44. Full-Scale Crash Test, Test SDC-3 
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Figure 45. Impact Location, Test SDC-3 
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Figure 46. Cable Guardrail to W-Beam Transition Damage, Test SDC-3 
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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 N CHRP 

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-I , was successfully performed with a 2,013-kg (4,438-lb) 

pickup truck impacting 438-mm (l7Y<-in.) upstream from post no. 14C at a speed oflOl.9 kmIhr 

(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-lb) pickup truck impacting at the upstream edge of post no. 4C 

at a speed of 101.8 kmIhr (63.3 mph) and an angle of25 .2 degrees. The third crash test, test SDC-3, 

was successfully performed with a 878-kg (l ,935-lb) small car impacting 305-mm (l2-in.) 

downstream from post no. I C at a speed of 99.6 kmIhr (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 ofthe safety performance evaluation for the three tests is provided in Table 

2. 
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Table 2. Summary of Safety Performance Evaluation Results 

Evaluation 
Factors 

Structural 
A. 

Adequacy 

D. 

F. 

Occupant Risk 
H. 

I. 

K. 

Vehicle L. 
Trajectory 

M. 

S - (Satisfactory) 
M - (Marginal) 
U - (Unsatisfactory) 

Evaluation Criteria 

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

Detached elements, fragments or other debris from the test artic le 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 cou ld calise 
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 follow ing: 
Preferred Maximum 

9 12 

Longitudinal and lateral occupant ridedown accelerations (G's) should satisfy the 
following: 

Preferred Maximum 
15 20 

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

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

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 devise. 

Test Test Test 
SDC-I SDC-2 SDC-3 

S S S 

S S S 

S S S 

S S S 

S S S 

S S S 

S S S 

S S S 



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- I. 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-S. 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-IO. Cable Guardrail to W-Beam Transition Design Details (Continued) 

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

Figure A-l2. Cable Guardrail to W-Beam Transition Design Details (Continued) 

Figure A-l3. Cable Guardrail to W-Beam Transition Design Details (Continued) 

Figure A-I4. Cable Guardrail to W-Beam Transition Design Details (Continued) 
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Cable Anchor Is skewed 21 " L.H.F. or R.H.F. 

W 8eam Guardrail 

Wood Pos 

1'-6" 

lYz" 
R.H. Thread 

2 - r," - 10 Sq. 
Nut (Golv.1 

- 0" 8 :: Tronsltlon Brocket 

Transition Brackets 
"'-- 2 Required 

Plan 

Wood Posts With 
6" X 8" X 14· Blocks 

3 Cable Guardrail 

lVz" 
R.H. Thread 

(See Plate No. 629.03) 

.. 
" u 

" .. .. 
u 

Elevation 

Tronsltlon Brocket 

Wood Post 

Standard Steel 
Turnbuckle (Galv.I 
112· Takeup) SYz" 

L.H. Thread 

Flanged ChOlYlal 
Steel Poata 

LIST OF MAJOR COMPONENTS 
NEW CABLE RESET CABLE 

ITEM QUANTITY 
'Flanged Channel '16 '16 Steel Post 

Transition Brocket 2 2 

¥4· Steel Coble 3 a 96' ± Reset 
Concrete Anchor I I 

Compensating Device 3 Reset 
• The S3 X 5.1 steel post may be substituted 
for the Flanged Chonnel Steel Post. 

¥4" - 10 Sq. Nut (Galv.1 

SprIng Stop 4!1z· Long (Galv.) Steel or Malleable 

2'-1" 
TypIcal Wedge 
(See Oetoll G) 

Turnbuckle 
Device) 

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



1000' Max. 1000' Max. 
Approach or Terminal 

42'-0' I 42'-0' 42' - 0' 42'-0" Anchorage Section 

42'-0' I Intermediate 'Ancharaae Section I Intermedlat Anchoraae 
... <I- .. ~ec non .. 
I Measure along Payment IIn~nflor 

I \1 Payment line for 
face of Dosts Coble Guordr Coble Guardrail 

TABLE A Finished Shoulder Une 

ROADWAY If. CURVATURE POST SPACING Pavment line for Coble Guardrail 

SO or Less 16' Sketch of 2 Typical Wedges 
More than 8" to 13' 12' Typical Layout (See De;;;) GENERAL NOTES: (PLAN) 2 - 12N - 2.

IZ The following criteria sholl apply In the arrangement of the Spring Coble End Assemblies Thread ITYP) 
"'!C)C)C)fI) (Compensation Dev)ces) and Turnbuckl e Coble End Assemblies: 

Length of Coble Runs '" -;[-. -1-+ t- .r _. ~ 
To 500' - Use Turnbuckl e on the approaching traffic end and Compensating 

3Y." J Device on the other end of each Individual coble, except In the I 3Y2" I Coble Transition where all Compensating Devices sholl be at the 
bridge ends. 

Coble Splice 
Over 500' to 1000' - Use Compensating Device on each end of each Individual coble. ... 
OVBr 1000' - Start new stretch by Interlacing at lost parallel post (See Sketch 

~ of Typical Layout above), .... The Coble Anchor Brocket sholl be fabricated from steel conforming to AASHTO MI83, galvanized ..... after fabrication according to ASTM A123. 
C"> 
§ Either one of the post alternates may be used but sholl be consistent thoughout the rro]ect. 

e: The I section steel post shall be used for the end posts when the flanged chonnel stee post Is 

£: 
used as line posts. 

;=:: Payment for 3 Cable Anchor Section or Reset 3 Coble Anchor Section wIth new 
Anchor and Salvaged Material Is exclusive of the 3 Coble Guardrail which Is paid for at the 
contract unit price per linear foot for 3 Coble Guardrail or Reset 3 Coble Guardrail. 

Compensating Devices must hove a spring rote of 450 + 50 Lbs. per Inch and a total 
avail obi e throw of 6" minimum. 

The coble sholl be retensloned after the 
following table: 

Initial 2 week pretensIon perIod In accordance with the 

.. Temperature 120 109 99 89 79 69 59 49 39 29 19 9 - I -II 

i ~~ I Range to to to to to to to to to to to to to to 
lDeg.) 110 100 90 80 70 60 50 40 30 20 10 0 -10 - 20 
Spring , 

!O~ I 1'1. IV2 Ir. 21/. 2Y2 2r. 3 3Y. 3Y2 3r. 4 4Y. '1, ~ CompressIon 2 

'" ~~ lin.) 

Sl ~ All Compensating Devices sholl be attached to the coble anchor brocket 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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Figure A-3. Cable Guardrail to W-Beam Transition Design Details (Continued) 

'-LIne Post 
(See Detail EI 



:b 

~ l ~~ 
'" ~~ 
'1, '" SnS l'1 

'" Sl ~ 

" :; 
iii 
:J 

'" "-
VI 
:J 
o 
~ 
"-
" , 

Line Post 

4'-0 11 

-;,-
.. -
" \(3" min.; 

":....... I ..... '" -"'-1-----......... 6-

I 
El.M:l , 

!-2.wor-klng 
I 

Rods to pr-oJect 1'12' 
above the concrete 

No.3 

Class M-5 
Concr-ete 
Cast In 
place - No 
forms 
necessary 

" 11.----
ELEVATION 

u __ .1 
, 

N 
3'-0" DIameter 
Concrete footing 
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% "I r both ends after- Installing cables 
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I 5" I 4" I 

CABLE ANCHOR BRACKET 

8 - ¥.t" round x 18" long steel rods conforming to 
ASTM A449 with the top 6" of the r-ods galvanized 
accor-dlng to ASTM A 153. 

Pr-ovlde Heavy Hex nuts confor-mlng to ASTM A563 
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6'x 14'x 'I." Plate - PUnch or- dr-III to 
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Anchor- Br-acket. 
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Figure A-4. Cable Guardrail to W-Beam Transition Design Details (Continued) 
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Sq. Nuts 

Lock 
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be Installed 

DETAIL H 
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of 6) 

CABLE END ASSEMBLY ROD 
CONNECTION TO CABLE ANCHOR BRACKET 

Standard Steel 
2 - %" - 10 Sq. Tu~nbuckle (Gal v.) 
Nuts (Golv.) <12 Takeup) 

1'-6" 

FI atten 1'1," 

I 1.844" I 

'''~{~~~ 
~.203"R Typ. 

DET AIL G 
TYPICAL WEDGE FOR ALL 

SPLICES & CABLE 
FITTINGS 

Cable End (Cast Steel 
or Malleable Iron) 

II' 

_________ 1-~ .. _-r~f~o~r~w~r~e~n~ch~~~,~~,~~,~~,~\)_ .. .,~~nj 
7Y2' 7Y2" 

TypIcal Wedge 
(See Detail G) 

~ 
1{ 

lJ1 
~ 

R.H. Thread R.H. Threod 12" 

Flotten 1'1,' 
for Wrench 

DETAIL A 
STEEL TURNBUCKLE CABLE END ASSEMBLY 

Minimum Tensile Strength - 25,000 Lbs. 

Standard Steel 
t--=-:;--~:-"---:;;c,-;;---j T urnbuck I e (Ga I v.) 

Cost Steel or Malleable 
Iron 

71 II (12" Tokeup) 
f-nR."H~. T~hC<r'-:ce-:Cad7'l--"----t-c=~-'---,-1 1:--7~!.;...---,I 

2-¥,' -I OSq, 
Nut (Galv.) 

Flatten 1'1,'----11--=-______ -"-2'_-1""' _____ ---1 
for Wrench 

DETAIL B 
SPRING CABLE END ASSEMBLY WITH TURNBUCKLE 

(COMPENSA TlNG DEVICE) 

Spr)ng Stop 4Y2" Long (Galv.) 
¥, ' - 10 Sq. Nut (Galv.) 

TypIcal Wedge 
R.H. Thread (See Detail G) 

Figure A-S. Cable Guardrail to W-Beam Transition Design Details (Continued) 
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Hook Bolt 

late 
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Detail E 
Une Post 
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Figure A-6. Cable Guardrail to W -Beam Transition Design Details (Continued) 
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Figure A-7. Cable Guardrail to W-Beam Transition Design Details (Continued) 
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Use Standard Button 
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Figure A-g. Cable Guardrail to W-Beam Transition Design Details (Continued) 
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GENERAL NOTES: 

Ys' 010. hole drilled 
'through post & block 

O' Mln.-t 
, - Max. 

TOP VIEW 

Top of post and top of 
block to be flush. 

Alternate nail position 

2-20d Galvanized or 
ungalvanlzed common nails. 

Iy,·Mln. 

I ¥". Round Galv. 
Steel Washer 

, , 

%. 010. Bolt 

6'')(8-
Post 

)---Face of Roll 

Finished Edoe of Roadway. 
Finished Shoulder LIne. 
Instal/atlon line or Front 
Face of Curb. 

~~"~~"".-__ ----ASPhOlt Concrete 

~:.:;~;);:?:.\·>r·~ ':, :.::'->:~·~~~----GrOnUI Or Moterlal 

-4.5' at MELT or BCT nose to 3.5' 
at MELT or BCT tangent poinT 
when MEL T or BCT Is used alone. 
3.5' ot MELT or BCT nose when 
used In conjunction with coble 
transitions • 

.. The 27 Inches shall be 
measured from the gutter 
surfoca when ouardrall Is 
over front face of curb. 

Dimensions shown In these pions lllustro1"lno height of POSTS and roll above 
the stated surfaces are nominal. 

Top of posts and top of black to be true square cut. 

s 
o 
o 
o 
T 

W BEAM GUARDRAIL POST INSTALlATION 

Figure A-9. Cable Guardrail to W-Beam Transition Design Details (Continued) 
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I' 
1'-9" 

l 
12' - 6" or 25' - O~ · 

'I 6'-3" (TYP.) 

'I 
It. Post Bolt Slot It. Post Bolt Slot It. Post Bolt Slot .-
. . ·_lL 

~ 

~\ 1\ Ii 

Over W Beam End SectIon 

\

\ "-Lap Guardrail 
tGrOUnd LIne 

Lap In DIrection 
of Traffic 

W 8eam End SectIon (Flared) 

GENERAL NOTES: 

All beam t.ype guardrail shall be Type I . 

There will be no separate payment for furnIshing and Instoillno W Beam End 
Sections (Flared) or W Beam Terminal Connectors. All costs for some to be 
Included In the contract unIt price per lInear foot for the guardrail Involved. 

Beam sectIon lengths may be 12'-6" and I or 25'-0". The combInation of 
sectIon lengths used shall be compatible with the run of the rail called 
for In the pions. 

W Beom End Sections (Flared) shall only be used In a one way traffIc sItuation 
In the Trolling End Terminal shown on Plate Number 630.25. 

""rrt 9. 1998 
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INSTALLATION OF W BEAM GUARDRAIL 
PUiTE NUMBER 

630.04 

Figure A-IO. Cable Guardrail to W-Beam Transition Design Details (Continued) 
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SECTION THRU RAIL ELEMENT 
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T 

Figure A-II. Cable Guardrail to W -Beam Transition Design Details (Continued) 
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165' rodln transition Wood Breokaway post 
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'Y,'Round 
;~~~~~~--~;;7.oM»r, ------------~~ .. ~V 

rf I Y,' Reotcngutar 

or lored nsto a ans 

Surfaced 
Embankment 

..J::::J 
Flnl/lihed Edge of Roadway I 
Finished Shoulder Line. Installotlon 
LIne or Front Foce of Curb 
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d d 

J1'-6' Porabollc Curve 

PLAN 
Wood Breokowoy Post 

SEE DETAIL A 

ELEVATION 
Trim Post 
as RequIred 

1(lliS A W Beam 

S4S lFrNISK FOUl SIDESI 

Plot. Wo""". -II 

II' 

PLAN DETAIL A 

Modified W Beom Connecto 
(See Plate No. 630.091 

t¥4' Round 
Washers 

f.'oro-Holos' r-=:::!~~E9~T--------...L::::::~;:~~~~:{-f~lf~~~ 

18' 

I)' ..... x J'Rectangular 
Plote Woshers 

VIEW A-A 
GENERAL NOTES. 

Approx, 
26' Bend 

2%' oro. Hole' • 

L...-_D 
-All holes centered on respective sides 

WOOD BREAKAWAY POST 
Coble sholl be 7'.". Type II. Closs A Coating conforming to AASHTO M30. 

Solt 
Plote 

ELEVATION DETAIL A 

Steel tubes shall meet the requirements of ASTM SpeCificatIon A500. Grode B. and sholl be Qalvanlzed after 
fabrication In accordance with the requirements of AASHTO Specification Mill. 

D 
SEE 

DETAIL 
C 

The Anchor Bracket. Soli Plate and Searing Plate sholl be fabricated from steel conforming to ASTM A36 ond gal vanized 
after fabrication accordIng to ASTM A123 . 
The W Beam End Section (Buffer) sholl be 12 goge galvanized steel, 

All hardware sholl be galvanized according to ASTM A153. 
The contract unit price per each for W BEAM GUARDRAIL BREAKAWAY CABLE TERMINAL Is to Include the anchor brocket, coble 
assembly, steel tubes. 5011 plates. bearing plate. pipe sleeve. W beam end section (buffer), modIfied W beam terminal 
connecter and all hardware to ottach same. The wood breakaway posts and guardrail will be pair for at the contract 
unit price per line or foot for W BEAM GUARDRAIL STRAIGHT. CLASS A. WOOD POSTS. 

Figure A-12. Cable Guardrail to W-Beam Transition Design Details (Continued) 
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Figure A-l3. Cable Guardrail to W-Beam Transition Design Details (Continued) 
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Approx. 26- bend and extra hole required only for Modified Eccentric Loader TermInal 
or Breakaway Coble Terminal application (Modified W Beam Terminal Connector) 

3" 

GENERAL NOTES: 
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I" Steel Washer 
W Beam Terminal Connectors sholl be 10 gauge. 
When the W Beam Terminal Connector Is used to connect guardrail to the bridge. I " Steel 
Washers are to be used In the splice and In direct contact with the 3" slat of the 
W Beam Terminal Connector. This means that the washers wltl be InsIde the W Beam 
Terminal Connector when the guardrail Is lapped over the W Beam Terminal Connector 
and outside the W Beam Terminal Connector when the guardrail 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 guardrail Involved. October 4. 1996 
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Figure A-14. Cable Guardrail to W-Beam Transition Design Details (Continued) 
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APPENDIXB 

ACCELEROMETER DATA ANALYSIS, SDC-I 

Figure B- I. Graph of Longitudinal Deceleration, Test SDC- I 

Figure B-2. Graph of Longitudinal Occupant Impact Velocity, Test SDC-I 

Figure B-3. Graph of Longitudinal Occupant Displacement, Test SDC-I 

Figure B-4. Graph of Lateral Deceleration, Test SDC-I 

Figure B-S . Graph of Lateral Occupant Impact Velocity, Test SDC-I 

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

97 



W5: Longitudinal Deceleration - Test SDC-1 (EDR-4) 
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Figure B-1. Graph of Longitudinal Deceleration, Test SDC-I 
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W6: Longitudinal Occupant Impact Velocity - Test SDC-1 (EDR-4) 
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Figure B-2. Graph of Longitudinal Occupant Impact Velocity, Test SDC-J 



W12: Longitudinal Occupant Displacement - Test SDC-1 (EDR-4) 
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Figure B-3. Graph of Longitudinal Occupant Displacement, Test SDC-J 



W5: Lateral Deceleration - Test SDC-1 (EDR-4) 
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Figure B-4. Graph of Lateral Deceleration, Test SDC-l 
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W6: lateral Occupant Impact Velocity - Test SDC-1 (EDR-4) 
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W7: Lateral Occupant Displacement - Test SDC-1 (EDR-4) 
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Figure B-6. Graph of Lateral Occupant Displacement, Test SDC-J 



APPENDIXC 

RATE TRANSDUCER DATA ANALYSIS, SDC-I 

Figure C- I . Graph of Roll, Pitch, and Yaw Angular Displacements, Test SDC-I 
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Wt9: TEST SDC-t UNCOUPLED ANGULAR DISPLACEMENTS 
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Figure C- l. Graph of Roll, Pitch, and Yaw Angular Displacements, Test SDC-J 



APPENDIXD 

ACCELEROMETER DATA ANALYSIS, SDC-2 

Figure D-l. 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-S. Graph of Lateral Occupant Impact Velocity, Test SDC-2 

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

106 



W6: Longitudinal Deceleration - Test SDC-2 (EDR-4) 
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W6: Longitudinal Occupant Impact Velocity. Test SDC·2 (EDR-4) 
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Figure D·2. Graph of Longitudinal Occupant Impact Velocity, Test SDC·2 
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W12: Longitudinal Occupant Displacement - Test SDC-2 (EDR-4) 
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Figure D-3. Graph of Longitudinal Occupant Displacement, Test SDC-2 
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W6: Lateral Deceleration - Test SDC-2 (EDR-4) 
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W6: Lateral Occupant Impact Velocity - Test SDC-2 (EDR-4) 
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Figure D-S. Graph of Lateral Occupant Impact Velocity, Test SDC-2 
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W7: Lateral Occupant Displacement - Test SDC-2 (EDR-4) 
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APPENDIXE 

RATE TRANSDUCER DATA ANALYSIS, SDC-2 

Figure E-1. Graph of Roll, Pitch, and Yaw Angular Displacements, Test SDC-2 
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W19: TEST SDC-2 UNCOUPLED ANGULAR DISPLACEMENTS 
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Figure E- l. Graph of Roll, Pitch, and Yaw Angular Displacements, Test SDC-2 



APPENDIXF 

ACCELEROMETER DATA ANALYSIS, SDC-3 

Figure F-I . 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-5. Graph of Lateral Occupant Impact Velocity, Test SDC-3 

Figure F-6. Graph of Lateral Occupant Displacement, Test SDC-3 
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W6: Longitudinal Deceleration - Test SDC-3 (EDR-4) 
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Figure F- l. Graph of Longitudinal Deceleration, Test SDC-3 



W6: Longitudinal Occupant Impact Velocity - Test SDC-3 (EDR-4) 
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Figure F-2. Graph of Longitudinal Occupant Impact Velocity, Test SOC-3 
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Figure F-3. Graph of Longitudinal Occupant Displacement, Test SDC-3 
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W6: Lateral Deceleration - Test SDC-3 (EDR-4) 
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Figure F-4. Graph of Lateral Deceleration, Test SDC-3 



W6: Lateral Occupant Impact Velocity - Test SDC-3 (EDR-4) 
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Figure F-S . Graph of Lateral Occupant Impact Velocity, Test SDC-3 



W7: Lateral Occupant Displacement - Test SDC-3 (EDR-4) 
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Figure F-6. Graph of Lateral Occupant Displacement, Test SDC-3 



APPENDIXG 

RATE TRANSDUCER DATA ANALYSIS, SDC-3 

Figure G-l. Graph of Roll, Pitch, and Yaw Angular Displacements, Test SDC-3 
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W19: TEST SDC-3 UNCOUPLED ANGULAR DISPLACEMENTS 

OOOOII------------og-=====~:::::::::···: .. j·:·~ .. ~ .. ~:::=~i:=========t====~~~~~~·~.~.~ .. ~.~._.~~ . .. ....................................................... "',' 
PITC~ 

~LL 

·10.000 

-N 
W 

·20.000 

-30.000 •••••••••••.•••••.••.••.•• , ••••••••••• . ••••••• •••• 1" .•• •••••••••••••••••• .. l········· ... .......... "\- ....... ! ........................ , ............. .. ...... ···1························, .. ~ .. ········1········ . ........ ,. 

0.000 0.020 0.040 0.060 0.081) 0.100 0.120 0.140 0.160 0.180 0.200 0.220 

Sec 

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




