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Note that when the rail was depressed it rotated 
away from the posts and off the backup plates. 

FIGURE 21. GUARDRAIL TEST SITE AFTER TEST 3. 
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( FIGURE 22. GUARDRAIL TEST SITE PRIOR TO TEST 4. 
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the end anchor (Figure 23). Twenty-six posts were split, broken, or bent 

over by the vehicle. The average longitudinal deceleration was 0.54 g•s 

over the stopping distance. The maximum .050 sec average longitudinal decel­

eration was approximately 3 g•s and peak values were all below 6 g•s (see 

Appendix B). Extensive damage to the undercarriage of the vehicle occurred 

(Figure 24). Repair of the guardrail required replacing twenty-six posts 

and eight 25ft. sections of rail. 

Figure 25 shows the vehicle speed at various distances from the begin­

ning of the guardrail. This figure permits one to estimate the vehicle 

speed at any point after it becomes a captive of the rail. 

Test 5 

For Test 5 posts number 2 and 4 were removed to give the same post 

arrangement as shown on the Texas Standard drawings (Figure 1). All backup 

plates were removed. This installation is shown in Figure 26. Steel, 

althread bolts ~ in. in diameter with 1.25 in. outside diameter flat washers 

were installed at posts 1, 3, 5, 6 and 7 (first 5 posts) as shown by 

Figure 27. 

A small car (1971 Vega) was slowly driven onto the end of the rail to 

obtain some indication of the ease with which the terminal rail could be 

stripped off the bolt and washer and depressed. From this low speed trial, 

it appeared that performance in this respect might be satisfactory in a 

higher speed impact. (Figure 28) 

The rail was impacted with a 4490 lb. Dodge (1968) at 23 degrees and 

55.8 mph (94.1 km/hr) into the length-of-need. The impact point was 
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( FIGURE 23. !GUARDRAIL TEST SITE AFTER TEST 4. 
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FIGURE 24. TEST VEHICLE BEFORE AND AFTER TEST 4. 
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( FIGURE 26. GUARDRAIL TEST SITE PRIOR TO TEST 5. 
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FIGURE 27. I PHOTOGRAPHS OE THE RAIL-POST HARDWARE 
PRIOR TO TEST 5. 
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( FIGURE 28. PHOTOGRAPHS OF DEPRESSED RAIL POSITION 
AFTER LOW-SPEED TRIAL TEST. 

40 



approximately 1 ft. downstream of the beginning of length-of-need (first 

post). The vehicle was redirected as intended and exited the rail at 

7.5 degrees at 39.3 mph (63.2 km/hr). The maximum .050 sec average longi­

tudinal and lateral decelerations were 3.3 and 7.0 g's, respectively. After 

exiting the rail, the vehicle followed a long curved path with a minor 

secondary impact with the rail approximately 175 ft. downstream (Figure 

29). Not only did the rail contain and redirect the vehicle but it did so 

with relatively low deceleration levels. 

Photographs showing the behavior of posts number 1 and 3 are given 

in Figure 30. Photographs of the test vehicle before and after the test 

are shown in Figure 31. 

This test verified that the ~in. diameter bolts will hold the rail 

at the proper height and that the two 12 ft. 6 in. post spacings are ade­

quate to achieve vehicle redirection. 

Test 6 

Test 6 was conducted on essentially the same modified terminal and 

rail as in Test 5 except althread bolts 3/16 in. in diameter were used on 

the first five posts (see Figure 32). The first two post spaces at the 

beginning of length-of-need were 12 ft. 6 in. and all others were at 

6 ft. 3 in. as shown in Figures 33 and 34. 

In this test a 2270 lb. Vega (1971) impacted the turned down terminal 

section at 15 degrees and 59.7 mph (96.1 km/hr). The impact point was 

midway between the end anchor and beginning of length-of-need. The purpose 

of this test was to see if the small diameter (3/16 in.) althread bolts 
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( FIGURE 29. GUARDRAIL TEST SITE AFTER TEST 5. 

--
42 

/) 

;;o 



FIGURE 30. PHOTOGRAPHS OF POSTS NUMBER 1 and 3 AFTER TEST 5. 
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FIGURE 31. TEST VEHICLE BEFORE AND AFTER TEST 5. 
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FIGURE 32. POST NO. 1 BEFORE AND AFTER TEST 6. 
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( FIGURE 33. TURNED-DOWN END GUARDRAIL 
BEFORE AND AFTER TEST 6. 
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( FIGURE 34. TURNEO:..DOWN END GUARDRAIL 
BEFORE AND AFTER TEST 6. 
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would allow the rail to fall quickly to the ground as in Test 1 and 

eliminate or minimize the severe vehicle ramping and potential rollover 

behavior. 

Immediately after initial impact, the rail did not drop quickly to 

the ground as intended and this caused the vehicle to vault several feet 

into the air. While the vehicle ended up right side up, its maximum roll 

angle during the collision event was 76°. The critical roll angle of such 

a vehicle would be about 60°, however because of complex dynamic behavior, 

the vehicle did right itself after the 76° maximum roll angle. 

Damage to the vehicle is shown by Figure 35. Damage to the guardrail 

and terminal is shown by Figures 33 and 34. 
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FIGURE 35. TEST VEHICLE BEFORE AND AFTER TEST 6. 
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SUMMARY AND CONCLUSIONS 

Since the early 1960's the Texas Department of Highways and Public 

Transportation has used the turned down terminal on its guardrails. Through 

the years this hardware has generally displayed good in-service performance. 

In the late 1960's the California Division of Highways and Southwest Research 

Institute conducted several tests which indicated this turned down terminal 

could potentially launch an impacting vehicle and cause it to roll over. 

A relatively simple method of modifying the turned down end guardrail 

terminal has been developed which will eliminate or greatly minimize the 

probability of a vehicle ramping and rolling over. Hardware employed in 

the modified design is either standard guardrail components (ARBA Tech. 

Bulletin No. 268) or items that are readily available commercially. This 

effective design is shown by Figures 3 and 4. 

To modify the standard turned down guardrail design the 5/8 in. diameter 

bolts were removed from the first five posts. With the bolts removed the 

rail will be depressed to the ground when the turned down terminal piece 

is impacted by a vehicle. This action eliminates the undesirable violent 

vehicle ramp and rollover behavior. In order to hold the rail at the pro­

per height (27 in. in Texas) before and during the vehicle angle impact 

along the length-of-need, backup plates are bolted to the first five posts. 

Successful crash tests as required by NCHRP Report 153 have been con­

ducted to verify this behavior. In three of the tests conducted, the 

vehicle impacted the modified terminal, depressed the rail, and rode over 

it without vehicle rollover. 
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These tests have demonstrated that the undesirable vehicle rollover 

can be designed out of the very effective turned down guardrail terminal. 

In the head-on test at 60 mph with a large vehicle, the car remained straddle 

of the rail and rode down it for a distance of 188 ft. before stopping. 

Highway engineers should keep this in mind when using the turned down 

terminal with rails tied to rigid bridge piers or other rigid objects. 

In Texas, the ends of such guardrails are now normally flared away from 

the roadway and it is unlikely that a vehicle can impact the end head-on 

and become captured in this manner. 

Undoubtedly, the hardware used here can be improved upon. One pos­

sibility is the use of a 11 Very weak 11 bolt (such as the 3/16 in. and ~ in. 

diameter althread bolt) in connecting the guardrail to the post. Tests 

5 and 6 were conducted to evaluate the possibility of using such a weak 

rail to post connection. Test 5, the 60 mph (96 km/hr) - 25 degree redirec­

tion test was very successful. However, Test 6, the 60 mph (96 km/hr) -

15 degree angle test into the turned down terminal, did not produce as 

good results as obtained .in Test 1. At the present time the weak bolt 

connection on the first five posts is not recommended. 

To increase the applications of this guardrail terminal concept, 

addition tests are recommended using steel posts such as the W6 x 8.5 

and also using blocked out rails. Since other states are using guardrail 

mounting heights of 30 and 33 in. these should also be checked out with 

additional tests. 
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APPENDIX A 

SEQUENTIAL PHOTOGRAPHS 
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0.000 SEC 0.105 SEC 

0.168 SEC 0.232 SEC 

0.309 SEC 0.373 SEC 

FIGURE A-1. SEQUENTIAL PHOTOGRAPHS DURING TEST 1. 
(Side view) 
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0.000 SEC 0.048 SEC 

0.098 SEC 0.199 SEC 

0.324 SEC 0.400 SEC 

FIGURE A-2. I SEQUENTIAL PHOTOGRAPHS DURING TEST 1. 
(Overhead view) 
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0.000 SEC 0.161 SEC 

0.257 SEC 0.309 SEC 

0.361 SEC 0.447 SEC 

FIGURE A-3~ SEQUENTIAL PHOTOGRAPHS DURING TEST 2A. 
(Side view) 
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0.000 SEC 0.050 SEC 

0.150 SEC 0.250 SEC 

0.349 SEC 0.448 SEC 

FIGURE A-4. SEQUENTIAL PHOTOGRAPHS DURING TEST 2A. 
(Overhead view) 
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0.000 SEC 0.008 SEC 

0.137 SEC 0.266 SEC 

0.395 SEC 0.524 SEC 

FIGURE A-5. SEQUENTIAL PHOTOGRAPHS DURING TEST 28. 
(Side view} 
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0.000 SEC 0.062 SEC 

. 0.137 SEC 0.236 SEC 

0.444 SEC 0.700 SEC 

FIGURE A~6. SEQUENTIAL PHOTOGRAPHS DURING TEST 2B. 
(Overhead view) 
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0.000 SEC 0.277 SEC 

0.430 SEC 0.596 SEC 

0.762 SEC 1. 096 SEC 

FIGURE A-7. · SEQUENTIAL PHOTOGRAPHS DURING TEST 3. 
(Side view) 
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0.000 SEC 0.249 SEC 

0.469 SEC 0.534 SEC 

0.869 SEC 1.092 SEC 

FIGURE A-8. . SEQUENTIAL PHOTOGRAPHS DURING TEST 3. 
(Overhead view) 
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0.000 SEC 0.092 SEC 

0.166 SEC 0.265 SEC 
- -. 

0.324 SEC 0.507 SEC 

FIGURE A-9. ,~SEQUENTIAL PHOTOGRAPHS DURING TEST 4. 
(Side view) 
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0.000 SEC 0.159 SEC 

0.233 SEC 0.315 SEC 

0.399 SEC 0.491 SEC 

FIGURE A-10. SEQUENTIAL PHOTOGRAPHS DURING TEST 4. 
(Overhead view) 
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0.000 SEC 0.075 SEC 

0.175 SEC 0.274 SEC 

0.523 SEC 0.623 SEC 

~ 

FIGURE A-1·1- .I SEQUENTIAL PHOTOGRAPHS DURING TEST 5. 
(Overhead view) · 
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0.000 SEC 0.103 SEC 

0.205 SEC 0.334 SEC 

0.439 SEC 0.591 SEC 

FIGURE A-12. SEQUENTIAL PHOTOGRAPHS DURING TEST 5. 
(Side view) 
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0.000 0.116 

0.267 0.429 

0.593 0.661 

FIGURE A-13. SEQUENTIAL PHOTOGRAPHS OF TEST 6. 
(Overhead view) 
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0.0 sec • 116 sec 

.267 sec .324 sec 

.429 sec .661 sec 

FIGURE A-14. SEQUENTIAL PHOTOGRAPHS OF TEST 6. (SIDE VIEW) 
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APPENDIX B 

ACCELEROMETER TRACES 
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ACCELEROMETER TRACES 

Accelerometer traces obtained from vehicle mounted accelerometers 

for each of the tests are presented on the following pages. Accelero­

meters, oriented so as to measure longitudinal and transverse accelera­

tions, were mounted on each side of the test vehicle in the floor of 

the passenger compartment near the longitudinal position of the vehicle 

center of gravity. Signals from these accelerometers were telemetered 

to a receiving station and recorded on FM magnetic tape. Filtered 

analog traces were then produced from these magnetic tape records. The 

filter used was a 100 hertz low pass filter with a roll-off of 48 decibels 

per octave. 
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