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5 TEST CONDITIONS 

5. 1 Test Facili ty 

The testing facility is located at the Li ncoln Air-Park on the NW end of the Lincoln 

Municipa l Airport and is approximately 8.0 km NW of the University of Nebraska-Lincoln. The site 

is protected by a 2.44-m high chain-link securi ty fence. 

5.2 Vehicle Tow and Guidance System 

A re verse cable lOw system with a 1:2 mechanica l advantage was used to propel the test 

vehicles . The distance trave led and the speed ohhe tow vehicle were one-half that ofthe test vehicle. 

The test vehicle was released from the low cable before impact with the bridge rai l. A digital 

speedometer in the tow veh icle was utilized to increase the accuracy of the test vehicle impact speed. 

A vehicle guidance system developed by Hinch W) was used to steer the test veh icle. A 

guide-flag, auachcd to the front-left wheel and the guide cable, was sheared ofT before impact. The 

9.S-mm diameter guide cable was tens ioned to approximately 13.3 kN, and supported laterally and 

vert icall y every 30.48 m by hinged stanchions. The hinged stanchions stood upright while hold ing 

up the guide cable, but as the ve hicle was towed down the line, the guide-flag struck and knocked 

each stanchion to the ground. The vehicle guidance system was approximately 457.2-m long. 

5.3 Test Vehicles 

For test OLS- l . a 1991 Chevrolet C-2500 '%-ton pickup truck was used as the test vehicle. 

The test inert ial and gross stat ic weights were 1,999 kg. The test vehicle is shown in Figure 3, and 

vehicle dimensions arc shown in Figure 4. 
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Figure 3. Test Vehicle, Test OLS·! 
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For test OLS-2, a 1991 Chevrolet 2500 lh-Ion pickup truck was used as the test vehicle. The 

test inertial and gross static weights were 1.997 kg. The test vehicle is shown in Figure 5, and vehicle 

dimensions are shown in Figure 6. 

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 o f any 

freely suspended body is in the vertical plane through the point of suspension. The vehide was 

sllspended success ively in three positions, and the respecti ve planes containing the center of gravity 

were estab li shed. The intersection of these planes pinpointed the locat ion of the cente r o r gravity. 

The longitudinal component of the center o f gravity was determined lIsing the measured axle 

weights. The location of the final centers or gravity are shown in Figures 7 and 8. 

Square, black and whi te-checkered targets were placed on the vehicle to aid in the ana lysis 

of the high-speed film, as shown in Figures 7 and 8. One target was placed on the center of gravity 

on the driver's side door, the passenger's side doo r. and on the roof of the vehicle. The remaining 

targets were located for reference so that they could be viewed fro l11 the high-speed cameras for film 

analysis. 

The frollt wheels orllle test vehicle were aligned for camber, caster, and toe-in values o f zero 

so that the vehicle would track properly along the guide cable. Two 58 flash bulbs were mounted 

on both the hood and roof ofthe vehicle to pinpoint the time of impact wi th the bridge railing on the 

high-speed film . The flash bulbs were fi red by a pressure tape switch mounted on the front face of 

the bumper. A remote cont ro lled brake system was insta ll ed in the test vehicle so the vehicle could 

be brought satd y to a stop after the test. 
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5.4 D~lt:l Acquisition Systems 

5.4.1 Accelerometers 

One triax ial piezoresisti ve accelerometer systcm with a range of ±200 G's was used to 

measure the acceleration in the longitudinal. lateral. and vcrtical directions at a sample rate of I 0.000 

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

developed by Instrumented Sensor Technology (1ST) of Okemos. Michigan and includes three 

di fferential channels as we ll as th ree single-ended channe ls. The EDR-4 was configured with 6 Mb 

of RAM memory and a 1,500 Hz lowpass filler. Computer software, "OynaMax I (OM-I)" and 

"DA DiSP" were used to digiti ze. anaJyze, and plot the accelerometer data. 

A backup triaxial piezoresistive acce lerometer system with a range o f ±200 G's was also used 

to measure the acce leration in the longi tudinal. lateral , and vertical directions at a sample rate of 

3,200 Hz. The envi ronmental shock and vibratio n 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 (OM- I)" and "DAOiSP" were used to digi tize, analyze, and plot the acce lerometer data. 

5.4.2 R:ttc T rllnsduccl' 

A Humphrey 3-axis rate transducer with a range of250 deglsec in each of the three dircctions 

(pitch, roll . and yaw) was used to measure the rates of motion of the test vehicle. The rate transducer 

was rigidly attached to the vehicle ncar the center of gravity of the test vehicle. Rate transduce r 

signals, excited by a 28 volt DC power source. were received through the three single-ended 

channels located externally on the EDR-4M6 and stored in the internal memory. The raw data 
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measurements were then downloaded for analysis and ploned. Computer software, "DynaMax I 

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

5.4.3 High-Speed Photography 

ror test OLS-J, six high-speed J6-mm Red Lake Locam cameras, with operating speeds of 

approx imatcJy 500 frames/sec, were used to film the crash test. A Locam, with a wide-angle 

12.S-mm lens, was placed above the test installation to provide a field of view perpendicular to the 

ground. A Locam with a 76 mOl lens, a SYHS video camera, and a 35-mm sti ll camera were placed 

downstream from the impact point and had a field of view parallel to the barrier. A Locam, with a 

16 to 64-mm zoom lens, and a SVHS video camera were placed on the traffic side of the barrier and 

had a field o f view perpendicular to the barrier. A Locam and a SVHS video camera were placed 

upstream and behind the barrier. Another Locam was placed two-thi rds closer upstream and behind 

the barrier. A Locam was placed on the back side o f the barrier and had a lield of view 

perpendicular to the barrier. A schematic of aJllell camera locations for test OLS-I is shown in 

Figure 9. 

For test OLS-2, fi ve high-speed \6-11l111 Red Lake Locam cameras, with operating speeds of 

approx imately 500 frames/sec. were used to fi lm the crash test. A Locam, with a wide-angle 

12.S-mm lens, was placed above the test installation to provide a fie ld of view perpendicular to the 

ground. A Locum wi th a 76 mmlens, a SV I-IS video camera, and a 3S-ml11 still camera were placed 

downstream from the impact point and had a field of view parall el to the barrier. A Locam, with a 

16 to 64-111111 zoom lens, and a SVHS video camera were placed on the traffic side of the barrier and 

had a field of view perpendicular to the barrier. A Locam and a SYHS video camera were placed 

downstream and behind the barrier. Another Locam was placed two-thi rds closer downstream and 
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behind the barrier. A schemat ic of all ten camera locations for test OLS-2 is shown in Figure 10. 

The film was analyzed using the Vanguard Motion Analyzer. Actua l camera speed and camera 

divergence factors were considered in the analysis of the high-speed film. 

5.4.4 Pressure Tape Switches 

For tests OLS-I and OLS-2, five pressure-activated tape switches, spaced at 2-m intervals, 

were used to determine the speed of the vehicle before impact. Each tape switch fi red 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 speed was determined from electronic timing mark data recorded 

on "EGAA" software. Strobe lights and high-speed fi lm analysis are used only as a backup in the 

event that vehicle speed cannot be determined from the electronic data. 

5.4.5 Long-Span Guardrail Instrumentation 

For test OLS-2, electronic sensors were placed on se lected regions and components of the 

long-span guardrail system. Two lypes of sensors, strain gauges and string potentiometers, were 

Llsed fo r the crash test and are described below. 

5.4.5.1 Strain Gauges 

For test OLS-2, ten strain gauges were installed on the W-beam guardrail. consisting of six 

gauges located on the back side of the W-beam guardrail and four gauges located 0 11 the front side 

of the W-beam guardrail. The strain gauge positions are shown in Figure 11. 

For the test, weldable strain gauges, lype LWK-06-W250B-350, were used. The nominal 

resistance of the gauges was 350.0 ± 1.4 ohms with a gauge factor equal to 2.02. The operating 

temperature limits of the gauges was -195 to +260 degrees Celsius. The strain limits of the gauges 

were 0. 5% (5000JJ.€) in tension or compression. The strain gauges were manufactured by Micro-
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Measurements Di vision of Measurements Group, Inc. of Raleigh. North Carolina. The insta llation 

procedure requi red that the meta l surface be clean and free from debris and oxidation. Once the 

surface had been prepared, the gauges were spot welded to the test surface . 

A Measurements Group Vishay Model 23 10 signal conditioning ampl ifier was used to 

condition and ampl ify the low-leve l signals to high-level outpu ts for multichannel , simultaneous 

dy namic recording on "Test Point" so ftwarc. Aftcr each signal was amplified, it was sen t to a 

Keithly Metrabyte DAS-1802 HC data acqu isition board, and then stored permanently on the portable 

computer. The sample rate for all gauges was 10,000 samples per second (10,000 Hz), and the 

duration of sampling was 6 seconds. 

5.4.5.2 String Potentiometers 

For lest OLS-2, three string potentiometers (linear pos ition transducers) were installed on the 

top of tile W-bea lll surroundi ng the splice at post no. 22 and on the upper and lower bolts of post no. 

26. The string potentiometer positions are shown in Figure 12. A schematic of the guard rail system 

and new post num bering for test OLS-2 is provided in Section 8. 

Three UniMeasure PA-20 string potent iometers were used, each hav ing a range o r 20 in. 

During the test. the output voltage signals !I'om the string potentiometers were sent to a Keithly 

Metrabyte DAS-1 802HC data acquisitio n board , acquired by the "Test Point" software, and then 

stored permanently on the portable computer. The sample rate for the string potentiometers was 

10,000 samples per second (10,000 Hz), and the duration of sampling was 6 seconds. 
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6 COMPUTER SIMULATION (DESIGN NO. I) 

Computer simulation modeling with BARRI ER VII (.11) was performed to ana lyze and 

predict the dy namic performance of various long-span guardra il alternatives prior to fulJ-scaJe 

vehicle crash testi ng. The simulations were conducted modeling a 2,04 1-kg sedan and an 1,996-kg 

pickup truck impacting at a speed of96.6 km/hr and at an angle of25 degrees. The BA RRI ER VII 

finite element models of the long-span guardrail systems and the idealized fi nite element, 2-

dimensional vehicle models for both the 2,04 I-kg sedan and the I ,996-kg pickup truck are shown 

in Appendix B. A typical computer simulation input data fil e is shown in Appendix C. 

Computer simulat ion was also used to determine the critical impact point (eIP) for the long­

span guardra il system. The CIP was based upon the impact condition which produced the greatest 

potential for whee l-assembly snagging or veh icle pocket ing on the fi rst post at the downstream end 

of the long-span section (i.e .. post no. 4 of Figure I) or the greatest potential of rail rupture. Rupture 

or the W-beam rai l was predicted by evaluating the maximum strain in the rai l and comparing the 

value to the raled ductility. 

Computer simulations were conducted on four long-span W-beam guardra il alternat ives: ( I) 

a 19.05-m nested section; (2) a 22.86-m nested sect ion; (3) a 26.67-111 nested section; and (4) a 

30.48-m nested sect ion. The fin ite element mode ls for these design options are provided in 

Appendix B. A total of eight simulation runs were performed on the four alternat ives using both the 

sedan and pickup truck models. The resu lts of the computer simulations are shown in Table 2. The 

long-span guardrail alternative that produced the best resu lts incorporated a 30.48-111 long nested 

section of guardrail, as shown in Table 2. For the 30.48-m nested W-beam alternative, the results 

of the computer simulations indicated that the greatest potentia l for wheel snagging on CRT post no. 
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4 would occur wi th an impact between post nos. 4 and 5. The critical impact points were 2,134 mm 

and 2,438 mill downstream from post no. 5 for the sedan and the truck, respectively. Additionally, 

the predicted maximum lateral dy namic ra il deflections for the sedan and the pickup tfuck were 908 

mm and 839 mm, respectively, as measured \0 the center height of the rail. 

29 



w 
o 

Table 2. Barrier VII Computer Simulation Results 

19.05-m 22.86-m 26.67-m 
NESTED NESTED NESTED 

SEDAN 1 TRUCK' SEDAN 1 TRUCK' SEDAN I TRUCK! 

Impact Point (mm) 2133.6 2438.4 2133.6 2438.4 2133.6 2438 .4 

Max . Dynamic Rail De flection (mm) 942.09 861.31 932.69 855.98 925.07 837.69 

Time of Contact (sec) 0,4302 0.3902 0.4302 0.3852 0.4277 0.3902 

Length orConiact (rn) 6.83 6. 12 6.83 6.04 6.79 6.13 

Speed @ Parallel (km/hr) 64.34 66.69 64.47 66.77 64.58 67.08 

Time @ Parallel (sec) 0.2777 0.2572 0.2767 0.2562 0.2752 0.2550 

Exit Speed (kmlhr) 62. 10 63.34 62 .35 63.49 62.51 63.60 

Exit Angle (degrees) 11.6 6.2 11.5 6,3 11.5 5.8 

Velocity Change (kmlhr) -34.46 -33.22 -34 .21 -32.9 1 -34.05 -32.96 

Post Damage (fa ilure at poSt II) 5 5 5 5 5 5 

Max. Strain (splice) 0.000 195 0.004088 0.002217 0.00 1631 0.002826 0.001545 

Max. Stmin (non-splicc) 0.021383 0.005450 0.028377 0.00 1777 0.013439 0.00 1547 

Max . Force (splice) (kN) 5 19. 15 504.65 536.4 1 5 12.03 553.80 518.48 

Max. Force (non-splice) (kN) 42 1.02 421.1 1 420.80 420.94 420.58 408.21 

I The sedan weighed 2,04 I-kg and impacted the barrier at a speed of 96.56 km/hr and at an angle or25.0 degrees. 
~ The pickup truck weighed 1,996-kg and impacted the barrier at a speed or96.56 krnlhr and at an angle of25.0 degrees. 

30.48-111 
NESTED 

SEDAN' TRUCK! 

2 [33.6 2-138.4 

907.54 839.47 

0.4250 0.3902 

6.79 6.13 

65.37 67.17 

0. 2720 0.2540 

63.60 63.75 

I 1.9 5.7 

-32.96 -32.81 

5 5 

0.001360 0.001192 

0.00 1527 0.001440 

576.7 1 534.0 1 

4 19.60 395.40 



7 CRASH TEST NO.1 (DESIGN NO.1 ) 

7. 1 Test OLS-l 

The 1 ,999-kg pickup truck impacted the long-span guardrail system (Des ign No. I) at a speed 

of 101.3 kmlhr and an angle of 25.4 degrees. A summary of the test results and the sequential 

photographs are shown in Figure 13. Additional sequential photographs are shown in Figure 14. 

Documentary photographs of the crash test are shown in Figure 15. 

7.2 Test Description 

Initial impact occurred between paSIIlOS. 4 and 5 or 2.44-m downstream from the center of 

post no. 5, as shown in Figure 16. At 0.062 sec after impact, the right-front com er of the vehicle was 

at the middle splice between post nos. 4 and 5. At 0.150 sec, the guardrail crushed the right-front 

side of the vehicle. whil e the ri gh t-front tire was defonned and protruded under the guard rail at 0.159 

sec. The upst'ream portion of the guardrail began to move longitudinru ly at 0. 164 sec after impact. 

At 0. 170 sec, the BeT cable anchor fai led. Subsequently, post nos. 4 through 6 fractured or split at 

0. 172 sec. At 0.197 sec after impact, the front end of the vehicle was at post no. 3. The vehicle 

impacted post no. 3 at 0.235 sec, resulting in post fracture. At 0.285 sec, the front end of the vehicle 

was at post no. 2, and the guardrail was posit ioned under the front of the vehicle. The vehicle 

became para llel to the guardrail at 0.316 sec after impact with a velocity of 57.5 km/hr. At 0.334 

sec, the vehicle continued to be redirected when it yawed counter·clockwise (CCW) with the back 

corner of the vehicle contacting the guardrail. At 0.396 sec afler impac t, the vehicle's forward 

motion ceased, but the vehicle con tinued to rotate in a CCW motion. At 0.458 sec after impact, the 

rear end of the vc hicle reached its maximum position above the ground. At 0.495 sec, the guardrail 

wrapped around the righHear tire and moved lip into the wheel well. At 0.878 sec, the vehicle was 
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back on the ground and positioned approximately perpendicular to the system. The vehicle' s post­

impact trajectory is shown in Figure 13. The vehicle came to rest behind post nos. I and 2, 

approximately 6.55-m downstream from impact and 1.27-111 laterally behind a line projected parallel 

to the traffic-side face of the rail , as shown in Figure 13. 

7.3 Barrier D:lmage 

Damage to the barrier was extensive, as shown in Figures 17 through 19. Barrier damage 

consisted mostly of deformed W-beam, contact marks on a guardrail section , deformed and fractured 

guardrail posts, and rupture of the cable anchor system on the upstream end. The BeT's cable 

anchor system fa iled during the test due to structural inadequacies in manufacturing of the swaged 

litting, as shown in Figure 19. The lower bolt that anchors the cable between the two BeT posts of 

the cable anchor pulled out of the swaged fitti ng. The inside fitting threads became smooth as the 

bolt was pulled out. The end of the bolt was bent and the bolt threads were deformed, as shown in 

Figure 19. As shown in Figures 17 through 18, the failure of the BeT cable anchor system caused 

signi licant damage to the posts and guardrail. 

Four stee l posts, post nos. 8 through 11. were twisted and deformed. Both BeT posts were 

damaged with complete fracture of post no. 14 and part ial splitti ng of post no. 15. Four CRT posts, 

nos. 3 through 5 were completely fractured, while post nos. 6 and 7 were partially split and remained 

standing. No significan t post or guardrail damage occurred downstream of post no. 2. 

The \V-beam pulled ofT of post nos. 5 through IS. Contact marks were found on the 

guardrai l between post nos. 3 and 4. Major guardrail buckling occurred upstream of post no. 2 and 

at post no. 3. wi th the buck li ng point at 3,81 O-mm downstream from post no. 5, as shown in Figure 

18. 
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7.4 Vehicle Damage 

Exterior vehicle damage was moderate, as shown in Figure 20. Occupant compartment 

damage was negligible. The vehicle experienced extensive frontal crush, as shown in Figure 20. 

The rad iator was crushed inward toward the engine, and the engine was displaced into the firewall . 

Deformation occurred to both the left~front and right~front quarter panels. Damage to the lcfi.~side 

door occurred on the lower-rear corner. The front bumper was ripped otT of the bumper mounts, 

flattened , and pushed inward toward the engine companment. Frame damage was ev ident by the 

closing oftbe gap between the vehicle box and cab as well as the damage to the undercarriage, as 

shown in Figure 20. 

7.5 Occupant Risk Values 

The normal ized longitudinal and lateral occupant impact ve locities were not determ ined due 

to the failure of the barrier system as the vehicle penetrated through the system. The max imum 

0.OI0~sec average occupant ridedown decelerations in the longitudinal and lateral directions also 

were not calculated due to the failure of the system. However, these resuhs are shown graphically 

in Appendix D for use in Further analysis and system redesign. 

7.6 Discussion 

The analysis of the test results for test OLS-l showed that the lo ng~ span guardrail did not 

contain nor redirect the vehicle with controlled lateral displacements of the guardrail. Detached 

elements and debris from the test article did not penetrate or show potential for penetrati ng the 

occupant compartment. Deformations of, or intrus ion into, the occupant compartment that could 

have caused serious injury did not occur. The veh icle remained upright during and after collision. 

The vehicle 's twjectory did not intrude into adjacent traffic lanes, but the penetration of the vehicle 
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through the system was unacceptable. Therefore, test OLS-l conducted on Design No. I was 

cJetennined to be unacceptable according to the NCI-IRP Report No. 350 criteria. 
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• Test Number 
• Date ...... . 
• Appunenance ... . ..... . 

• Total Length . 
• Steel \V-Beam (Nested) 

Thickness .............. . 
Top Mounting Height 

• Steel Posts 
Post Nos. 9A • SA ........ . 
Post Nos. 7A - 4A ...... . 
Post Nos. 3A - I. 8 - 13 .... . 

• Wood Posts 
Post Nos. 2 • 7 (CRT) ..... . 
Post Nos. 14 - 15 (BCT) ... . 

• Wood Spacer Blocks 
Post Nos. 9A • 6A . . ...... . 
Post Nos. 5A - 4A 
Post Nos. 3A - 13 ........ . 

• So il Type ..... . 
• Vehicle Model .... . .. . 

Curb ...... , ..... , ... . 
Test lnen ial .... . . . 
Gross Stat ic 

OlS· 1 
10/ 15197 
Nested \V-beam long-span 
guardrail system 
48.63 III 

2.66mm 
706 mill 

W ISOx3 7 by 2,591 -mm long 
W 150x22 by 2. 134-mm long 
W150x 13.5 by 1,830-mm long 

150 mm x 200 mm by 1,830-mm long 
140 mm x 190mm by 1,080-mm long 

150 mm x 200 mm by 457-mm long 
150 mm x 200 mm by 356-mm long 
150 mm x 200 mm by 360-mm long 
Grading B- AAS HTO M 147-65 ( 1990) 
199 1 Chevrolet 2500 2WD 
1,952kg 
1.999 kg 
1.999 kg 

• Vehicle Speed 
Impact 
Ex it 

• Vehicle Angle 

.. 10LJ km/hr 
. NA 

Impact . ... . . . . . . . . ... . 25.4 dcg 
Exit ... _ •.• . .. . • • . ..... NA 

• Vehicle Snagging . . NA 
• Vehicle Pocketing . . . . . . . . . . . . . .... NA 
• Vehicle Stability .. . . . . . . .. . Satisfactory 
• Occupant Ridedown Deceleration (10 msec avg.) 

Longitudinal . . . . .. ....... NA 
Lateral (not required) ........... NA 

• Occupant Impact Velocity (Nonnalized) 
Longitudinal .................. NA 
Lateral (not required) ........... NA 

• Vehicle Damage . .. ..... . . . Moderate 
TAD'~.. I·RFQ-4fl ·FR-4 
SAE1S 

• • • • • . . . •. • . • .•.•. • I-RFEE3 
• Vehicle Stopping Distance . ..... Behi nd post nos. I and 2 

Right Front Tire. . . . . . . • . . . . 6.55 m downstream 

• Barrier Damage .... ... . 
• Max imum Deflections 

Perman ent Set 
Dynamic .. . 

1.27 m behind 
BCT cable anchorsyslcm failure 

... NA 
...... NA 

Figure 13. Summary of Test Results and Sequential Photographs, Test OLS-! (Design No. I) 
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Figure 14. Additional Sequential Photographs, Test OLS-I (Design No. J) 
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Figure 19. BCT Cable Anchor Damage. Test OLS-I (Design No. I) 
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8 DISCUSSIO N AND MO DI FICATIONS (DESI GN NO.2) 

Following test OLS- l, a safety performance evaluation was conducted, and Design No. I was 

determined to be unacceptable according to the NC I-I RP Report No. 350 criteria . Due 10 the 

unsuccessful crash test of Des ign No. 1, it was necessary to determine the cause orthe poor barrier 

perfo rmance so that design modifications could be made to the barrier system in order to improve 

its overall sa fety perfonnance. 

An analysis of the test results revealed that the veh icle did not override the long-span 

guardrai l during the impact prior to the cable anchor fai lure. The lower cable anchor stud pul led out 

orthe swaged litt ing due to structura l inadequacies in man ufactu ri ng. The re lease or the swaged 

fi lling caused the guardrail to loose its tensile capacity. [n addition, the loss of tensile capaci ty led 

to signi ficant vehicle penetrat ion into the guardrail system. 

Following thi s invest igation, MwRSF researchers determined that the safety performance of 

the long-span guardrai l system (Design 10. \) could be significantly improved if the cable anchor 

system remains intact and develops the guardrai l' s tensile capacity. In order to overcome the loss 

of guardrailtensi Ie capacity duri ng test OLS-l , severa l modifica ti ons were made to the long-span 

guardra il system. The cable in the simulated BeT cable anchor system was re placed with a new 

cable that was more consistent with the req ui red specifications. In addition, three other 

modifications we re made to the guardrail system configuration prior to the retest. First, the 

downstream simulated anchorage device was replaced with an anchorage system more closely 

resembling a BeT but installed tangen t to the guardrail system. Secondly, the total length of the test 

installation was increased to 53.34 m, whi le the final modification was to incorporate additional 
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posts into the system. These modi fications. included in Design No.2, are shown in Figures 21 

through 23. 

The total length of the test install at ion was increased to 53.34-m long, as shown in Figure 

2 1. The test installation consisted of 30.48 [~l of nested 12-gauge W-beam rail supported by both 

CRT and steel posts, standard 12-gauge W-beam guardrai l supported by steel posts. and an 

anchorage system replicating a BCT on both the upstream and downstream ends but installed tangent 

to the guardrail system. 

The ent ire system was constructed with twenty-s ix guardrail posts. Post nos. 3 th rough 8 and 

15 through 24 were galvanized ASTM A36 steel W 150x 13.5 sections measuring 1,830-mm long. 

Post nos. 9 through 14 were CRT ti mber posts measuri ng 150-mm wide x 200-mm deep x 1,830-mm 

long. Post no. 1 through 2 and 25 through 26 were timber posts measuring 140-mm wide x 190-mm 

deep x 1 ,080-m m long and were placed in steel foundat ion tubes. The timber posts and foundation 

tubes were part of an anchor system, simi lar to a BCT but installed tangent to the system. used to 

develop the requ ired tensi le capaci ty of the guardrai l. 

Post nos. I through 11 and 12 through 26 were spaced 1 ,90S-mm on center. The unsupported 

span between post nos. 11 and 12 was 7.62-m long, as shown in Figure 21. For post nos. 3 through 

24, the so il embedment depth was 1,102 mm. In addition, 150-mm wide x 200-mm deep x 360-ll1m 

long wood spacer blackouts were used to block the rail away from post no. 3 tlU'ough 24 .. 

A standard 2.66-mm thick W- beam rail. measuring 7,620-mm long, was placed between post 

nos. I and 5. Subsequently, nested W-beam guardrail , measuring 2.66-mm th ick and 30.48-111 long, 

was used to span between post nos. 5 and 18. A standard 2.66-mm thick W-beam rail , measuring 
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7,620~mm long. was placed between post nos. 18 through 22 and another between post nos. 22 and 

26, as shown in Figure 2 1. The la p mounting height of the W~beam rail was 706 mill. 
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Figure 22. Long-Span Guardrai l System. Design No.2 
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9 CRASH TEST NO.2 (DESIGN NO.2) 

9.1 Test OLS·2 

The 1 ,997-kg pickup truck impacted the modified long-span guardrail system (Design No. 

2) at a speed of 102.7 km/hr and an angle of 24.5 degrees. A summary of the test results and the 

sequential photographs are shown in Figure 24. Additional sequential photographs are shown in 

Figures 25 and 26. Documentary photographs of the crash test are shown in Figures 27 through 29. 

9.2 Test Description 

Initial impact occurred between post nos. 11 and 12 or 2.44-m downstream from the center 

a rpast no. 12, as shown in Figure 30. At 0.024 sec after impact, the right-front comer of the bumper 

deformed. At 0.043 sec, the right-front corner of the vehicle was at the midpoint between post nos. 

11 and 12. At 0.111 sec, the right- front corner of the vehicle crushed inward whi le post no. I I 

fractured. At 0.126 sec after impact, the right-front tire protruded under the guardrai l. At 0.182 sec, 

post nos. 10, 12, and 13 deOected, while the right- front corner of the vehicle was at the initial 

position of post no. II. At 0.255 sec after impact, the right-front corner of the vehicle was at post 

no. 10 as the right-rear corner of the bumper contacted the guardrail. The vehicle became parallel 

to the guardrail at 0.263 sec after impact with a velocity of 73.2 kmlhr. At 0.292 sec. the vehicle 

rolled counter-clockwise (CCW), allowing the left-front and left- rear tires to become airborne and 

the rear bumper to mount the top of the rail. At 0. 302 sec, post no. 10 fractured. At 0.340 sec after 

impact, the right-front corner of the vehicle was at post no. 9, while the guardrail was posi tioned 

under the right-rear corner of the vehicle. At this time, the vehicle exited the guardrail at an angle 

of 16.7 degrees and a speed of 66.2 km/hr. At 0.428 sec, only the right-front corner of the vehicle 

was contacting the ground. At 0.450 sec, the right-front corner of the vehicle was at post no. 8, while 
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the rear end of the vehicle yawed CCW into the guardrail. At 0.570 sec. the rear end of the vehicle 

yawed clockwise (CW) away from the guardrai l. At 0.946 sec, the vehicle pitched and rolled across 

the front end and the right-front corner was airborne. The left-front corner o f the veh icle was on the 

ground and the rear end rotated CW at 1.116 sec. At 1.260 sec, the entire vehicle ro lled CW while 

airborne. At 1.444 sec after impact, the rear end of the vehicle contacted the ground on the left side 

as the vehicle continued its CW rotation. The vehicle's post-impact trajectory is shown in Figure 

24. The vehicle came to rest 34.90 m downstream from impact and 10.73 111 away from the traffic­

side face of the rail, as shown in Figure 24. 

9.3 Barrier Damage 

Damage to the barrier was moderate. as shown in Figures 31 through 34. Figures 35 and 36 

show the damage to the entire length of the CRT posts, nos. 9 through 14. Barrier damage consisted 

mostl y of deformed W-bealll , contact marks on a guardrail section, and deformed and fractured 

guardrail posts. The W-beam damage consisted of moderate defonnation and flanening of the lower 

portion of the impacted section bet\veen post nos. 9 and 12. The W-beam was released from post 

nos. 2 and 25. Contact marks were found on the guardrail between post nos. 9 and 12. 

Two CRT posts, post nos. 10 and II completely fractured while CRT post nos. 12 through 

14 split longitudinally and remained standing. as shown in Figures 32, 33, 35, and 36. CRT post no. 

9 fractured between the breakaway holes but remained upright, as shown in Figure 32. Steel post 

no. 8 slightly twisted as shown in Figure 34. No signi ficant post or guardrail damage occurred 

upstream of post no. 15 nor downstream of post no. 7. 

The permanent set of the guardrail and posts is shown in Figures 31 through 34. The cable 

anchor ends encountered slight pennanent deformation, as shown in Figure 34. The maxim um 
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