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INTRODUCTION 

In May 1976 two significant accidents occurred involving longitudinal 
barriers. An ammonia truck in Houston, Texas, struck a bridge rail and fell 
on traffic below, leaving 1l dead, 73 hospitalized, and causing 100 other 
injuries, for a total of 184 casualties. In Martinez, California, a school 
bus struck a bridge rail and fell upside down, leaving 29 dead and 23 
injured. As a result of these accidents, an extensive effort has been made to 
develop longitudinal barriers capable of restraining and redirecting buses and 
large trucks. 

Prior to 1956 when the Interstate Highway Act was passed by Congress, 
most of our highway bridges crossed over rivers, streams, or other natural 
features. Few highways had traffic lanes divided or separated by median 
barriers. Longitudinal barriers such as bridge rails, median barriers, and 
guardrails were designed only to restrain and redirect passenger cars. It was 
the general attitude that buses and trucks were driven by trained, skilled, 
and professional drivers, and sensational longitudinal barrier accidents with 
buses and trucks were rare. 

Since 1956 we have built tens of thousands of miles of divided traffic 
lane interstate highways, urban expressways, and freeways. Most of the 
bridges on these systems are grade separation structures which cross over 
other densely populated traffic lanes. In addition with the demiSe of our 
railroads and the increase in school busing, there has been a significant 
increase in the number of buses and trucks on our ~oadways. Consequently, the 
number of sensational bus and truck accidents involving longitudinal barriers 
has increased. Many highway engineers now believe that there are selected 
locations where barriers capable of restrai ni n.g and redirecting buses and 
trucks are needed. 

A search of the recent literature (1972 to 1985) yields fourteen 
references with 34 crash tests into longitudinal traffic barriers which were 
conducted essentially in accordance with current recommended practice (6)*. 
These crash tests used cars, vans, buses, and trucks ranging in weight from 
approximately 4,000 lb to 80,000 lb. In general, the passenger car and van 
tests were conducted at 60 mph and 25° angle into the longitudinal barriers. 
The school and intercity buses weighed from 20,000 to 40,000 lb, and tests 
with these vehicles were conducted at 60 mph and 15° angle into the 
longitudinal barriers. The tractor-trailer trucks weighed from 40 ,000 to 
80,000 lb and were crash tested at 50 mph and 15° angle into the barriers. A 
summary of these vehicle crash test results is presented in Table 1. 

These 'crash test results and some elementary theory are presented to 
demonstrate the magnitude of the impact forces these longitudinal traffic 
barriers must resist and also how high these barriers must be to prevent 
vehicle rollover. In addition, typical designs are presented on Figures 1, 2, 
and 3 of longitudinal barriers which have been successfully crash tested in 

* Numbers in parentheses, thus (6), refer to corresponding items in the 
reference list. 
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TABLE 1. surtWtY Of YEHIQ.E TEST RESUl TS 

Test Condltton Max. Avg. o.os sec Force Hel~t of 
Barrier and Renarb Author (Reference) Test Yeh.·CG tn. 

Ho. Yeh. Wt.-Speed-Angle Load Celts Acceleroneter Resultant Barrier 
lb~grees ttps Ups tn. tn. 

Noel (7 I 22) 3451-32 Plymuth-22 52.1 43.& 21 .2 42 Concrete Wall: Snooth 
4680-52.9-15 redlrectton. 

Noel (7 I 22) 3451-36 Plyimuth-22 59.9 &9.& 21.9 42 Concrete Wall; Smooth 
4740-59.9-24 redtrectton. 

Buth (16) 479~7 Dodge Yan-lJ - 20.0 - 27 II-beam Guardratl-2 .34 ft 
3983-59.2-24 defl.: Yan rolled over 

270-. 

Buth (22) 3451-9 School Bus-50-43* - 83.7 - 27 Retnf. N-Bt!ani Brfd!Jt! Rat1: 
19,940-55.2-15 Rl!dl rect ton, front axle 

stripped.• 

Buth (22) 3451-10 School Bus-50-43* - 70.1 - 27 Refnf. N-Be1111 Brfdgt! llal 1: 
20,010-52.0-13.3 Rl!dfrectfon, front axle 

strfpped.* 
Buth (22) 3451-11 I nterct ty Bus-46 - &3.8 - 27 Refnf. N-Beam Rrt dgt! Rall: 

31,880-58.4-16 Rl!dlrectfon, bus ro111!d 
over. 

Buth (22) 3451-4 School Bus-50 .. - 102.8 - 30 &x8 tn. Steel Tub! m 9 tn. 
19,760-59.8-14.3 Cone. Parapet; Redfrec-

tton, bus rolled over. 
Buth (22) 3451-23 School Bus-50 - 97.& - 32 4 tn. Alum. Rafi on 18 tn. 

19,920-57.3-14.8 Cone. Parapet; Rl!dlrec-
tton, bu.s rolled over. 

Dnh (21) 3080-1 School Bus-51.5 - 120.0 - 32 C"' Concrete: Bus ro111!d 20,270-61.&-15 over. 
Oavts (21) 3115-1 School Bus-51 .5 - 120.0 - 32 c"' Concrete: Bus ro11ed 19,990-60.9-16 over. 
Ivey (18) 3825-8 School Bus-50 - 106.0 - 3Z C"' Concrete Parapet: 20,000-57.7-15 Bus ro11ed over. 
klnt>a11 ClO) Rf·2S School Bus-55 - 89.7 - 32 Thrte-Be1111 Brtdge Raf 1: 23,000-57.1-14.7 Bus rolled over. 
kfnt>a11 (10) RF-27 Scl!nfcrulser Bus-56 - No data - 32 Thrfe-Bea111 Brtdge Ran: 40,000-59.7-17.& Bus ro11ed over. 
Oavts (21) 8307-1 Scentcrutser Bus-50 - 150.0 - 32 c"' Concrete; Redf rectfon. 40,020-54-1&.2 

*In Tests 3451-9 and 10 the school bus had a C.G. of 50 fn. prior to t111Pact. Durtng Impact with the 27 tn. high rail, 
the front axle was knocked out from under the bus and the front end of the bus dropped down 24 In. The C.G. was 
almost Instantly 1owered 7 tn. down to 43 In. before the rear ax1e tinpacted the rail. Thts unusual behavior had 1 stgntftcant stabt1tztng tnf1uence on the bus. 
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TAil.£ 1, StffMY Of YElflQ.E TEST llESIJL TS (continued) 

Test Condition Mex, A.g. 0,05 sec Force Hef sflt of 
hrrler end R- rts ~hor (Rerererce) Test Yeh.-CG fn, 

No. Yeh, llt.-Speed-llng1e Loed Cellt Acee I er"Ol'eter Resultlllt Barrier 
1b~h-d!gre@S Ups ktps tn. tn. 

Davis (21) 0>7-3 Scentcrvlser lul-50 -40.0J>-54-14 
170.0 - 32 Cftl CGncrete; Redirection, 

luth (11) 4798-12 Scenfcrufser But-56 - 179,9 - 34 Thrle-Ben Median 81rrfer; 
39.970-59.6-14,5 Bus ro11ecl Oftr, 

khlhl11 (10) llF-28 Scenlcrvfser Bus-56 - 164.0 - 38 Thrle-Be11111 llrtdge R1t1; 
40.000-56.3-14.5 Siluoth reclf rectton. 

Hirsch (5) 2J>-3 School Bus-50 - 96.5 - 42 Cone. Plnpet A Het11 R1f I; 
19.&!IU-54.4-15 Sllooth reclfrgtfon. 

Noe1 (7 I 22) 3451-34 School Bus-50 73.1 82~ 32.7 42 Concrete 11111: 91ioolh 
20.nJ>-57.&-15 reclf rect ton. 

Noe1 (7 I 22) 3451-JS Intercity Bus-4& 211.2 220H 28.4 42 Concrete Wall; S.,Oth 
32 1020-56.9-15.7 rtd1 rectton. 

Hirsch (5) 2J>-5 Intercity llus-4& - 105.t - 42 Concrete Parapet I Metal 32.oeo-&1 • 1-15 Riil; Sirooth redfreclfon. 
44 In. r1t1 defl • . 

lhltll11 (14) IR·ll Schoo1 llus-53 t - 74.1 - 59 Col11pstng Rtng Bridge 11111 tt.ooo-&o.9-13.9 

It'""'" c 14, IR-11 lnterct ty Bus-53 t - 118.0 - 59 Collapstng Rtng Rrf:f. ll1t1 40.000-54.2-15.1 " JS In. penanent def • 
Bninstld (17) TTR-2 School llus-53 t - ao.o - 60 Thrfe-8e• llrtdge Rat I; 20.000-55.2-u.1 Bus rolled over-r111 def1. 
Bn11stld (17) TTR-3 Schoo 1 Bus-SJ t - 70.0 - 60 Thrle-Bea111 Bridge Ran; 20 .ooo-sJ.t-15.l 

Good redirection, 
·~ (20) 3825-17 ford Trucl:-58 - 153.0 - 32 Cl9 Concrete; Trud: ro11ecl 18.24U-60.1-15 

Oftr. 
0.Vfs (21) UJ7-2 Tractor-Tretter Ytn-60 - no.o - 32 Cl9 Concrete; Trocl l!Wftled 40.0J>-53-15 

ll1d ttrlddled Cl9. 
Mfrtdl (12) 08-7 Tractor-Triller Ytn-55 - 143.2 - 32 Cl'll Concrete Parapet: 48,800-44.7-15 

Sllooth redl rectlon. 

*"Corrected for shfftfng 1oed, 

3 



TAILE 1. S\HMY OF Y£HIQ.E TEST RESULTS (contfnued) 

Test Condi ttan Mix. Avt. o.os sec F'orw Met~ of 
Author (Rtftrlftc:t) Test Yeh • ...c:G tn. lln1tr end 11-rts 

llo. Yeh. wt.· Speed-Angle lotd Ct111 Acce1tnNt• ltesu1tn ""''• 1.....,.._.grees tips t:tpt tn. '"· 
11th (15) 4348-2 Tractor-Tr1t1er Y-.18 - 194.0 - 41 Concrete P1raptl 09 T)llt: 

80, 180-52.S-15 Tnid roned owr. 

luth (15) 4798-13 tractor-Traner Y..a - 109.S - 42 Concrete Pantiet M Tne: 
I0, 180-52.1-1&.5 Redt1'9Cttan. 

lttrtch (4) 415-1 Tnctor-Tr1t11r Yllft-f5 - 188.0 - so Concrete P1rllpet 09 Tne 
ao,-..41.4-15 I Het11 1t1t1; 

Tnicl rolled owr. 

Hirsch (1) 2»-& Tr1ctor-Tr1t1er Yan-154 - 200.s - M Concrete Par1pet I Mtt11 
79, 770-49. l-1S ltlt1 I 91Doth rwdfrtctfon. 

kteall (14) llt-14 Tr1ctor-Tr1f ler , ... so - 117.0 - St Collapsf119 lttnt lrldll 
40,000-57 .3-15.I ••fl -10 ft dert.; 

lrvcl rolled OWN'; dtfec-
th• ntl. 

Hirsch (2) tl1-1 Tnctor-Tntler Tri-72 - 188.I - 90 Concrete Parapet; 
80, 1~51.4-15 SliiDot1I redlrectlClft. 
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accordance with current recommended procedures (6). The approximate costs per 
foot of length shown on Figure 1 would be typical of Texas and are for 
comparison only. Barriers similar to those shown in Figures 2 and 3 have not 
yet been built in Texas, and the costs shown are estimates. 

The definitions of a bridge rail, longitudinal barrier, median barrier, 
roadside barrier, traffic barrier, etc., are taken from the GLOSSARY in 
Reference (23) and presented in Appendix A. 
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BASIC K>TOR VEHICLE AND LONGITUDINAL BARRIER PROPERTIES 
TO BE CONSIDERED 

Most all current longitudinal barriers (guardrails. bridge rails. and 
median barriers) are designed only to restrain and redirect passenger cars 
ranging in weight from 1700 lb to 4500 lb. The recommended strength test (6) 
is for a 4500 lb car to be redirected at 60 mph and 25° angle impact. Figure 
1 shows some basic properties of these cars and two very common and effective 
longitudinal barriers which can restrain and redirect them. These cars have 
center of gravities (c.g.'s) ranging from 18 in. to 24 in. above the roadway. 
The 27 in. high standard guardrail and 32 in. high concrete safety shape are 
strong enough to redirect the cars and high enough to prevent rollover. These 
barriers exert a redirecting and stabilizing force on the fenders. tires. and 
door panels of the impacting car. as shown in the figure. The approximate 
cost per foot of these traffic barriers is shown for comparison purposes. 

Figure 2 shows some basic properties of buses (school and intercity) and 
two longitudinal barriers which have restrained and redirected them. School 
buses (66 passenger) generally weigh from 20.000 to 26.000 lb loaded. 
Intercity buses (45 passenger) generally weigh from 32,000 to 40,000 lb 
loaded. The center of gravity of these buses ranges from 46 in. to 58 in., 
with an average of about 52 in. The two minimum height rails which have 
prevented these buses from ro 11 i ng over at 60 mph, 15° angle impact (the 
recommended test 6)) are the two shown with heights of 38 in. and 42 in. The 
approximate cost per foot of the barrier is shown for comparison purposes. 

Traffic barriers 32 in. and 34 in. high have consistently produced 
rollover with buses at 60 mph and 15° angle of impact. The significant 
redirection force from these barriers is delivered to the bus through the 
front and rear tires and axles. The largest impact force reported in Table 1 
occurs when the rear tires and axle impact the barrier. 

Figure 3 shows some basic properties of van and tank-type trucks and some 
longitudinal barriers which have restrained and redirected them. ·These trucks 
weigh from 25,000 lb empty up to 80,000 lb when fully loaded. The center of 
gravity (e.g.) of an empty truck can be about 45 in., while a fully loaded 
truck could have a center of gravity of from 60 in. up to 78 in. Figure 3 
shows three distinct locations or heights where a longitudinal barrier can 
effectively push on a van or tank truck to redirect it. A 42 in. high barrier 
can push on the 42 in. high tires and axle. For a van-type truck, the floor 
system from 48 in. to 54 in. high is capable of receiving a significant 
redirection force. Above this height the van truck generally has a very thin 
and weak sidewall not capable of receiving much redirection force. 

A tank truck can receive a redirection force through the tires up to 42 
in. high and then another redirection force at about 84 in. high into the 
central area of the usually circular tank. A longitudinal barrier element 
between 42 in. and 78 in. usually has nothing to push against. 

The 42 in. high concrete median barrier shown redirected without rollover 
an 80,000 lb van truck with 65 in. high center of gravity. A similar truck 
with 78 in. high center of gravity rolled over the 42 in. high barrier (16). 
All these tests are at the recommended speed (6) of nom.inally 50 mph and 15° 
angle impact. 
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The 50 in. high combination barrier (concrete bridge rail with metal rail 
on top) restrained and redirected an 80,000 lb van truck with 66 in. high 
center of gravity. The truck was lifted by the safety shape profile and its 
front bumper impacted the posts supporting the metal rail. This reduced the 
effectiveness of the metal rail. The truck rolled over on its side. However, 
it did not go over the bridge rail, and the truck remained on the simulated 
bridge. This was considered a successful test for a truck. A rollover would 
not be acceptable for a passenger car or bus. 

The 54 in. high combination concrete and steel bridge rail shown smoothly 
restrained and redirected an 80,00 lb van truck with a 64 in. high center of 
gravity (no rollover). 
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STRENGTH REQUIREMENTS OF LONGITUDINAL BARRIERS 

A relatively simple method of predicting the impact forces on a 
longitudinal barrier are the equations presented in NCHRP Report 86 (13). 

Figure 4 illustrates a vehicle impacting a longitudinal barrier at an 
angle e. From this illustration of the impact event it can be shown (13) 
that the average lateral vehicle deceleration (G1at) is 

v/ sin2 (e) 
Avg Glat = 2g[AL sin(e) - B[l-cos(e)] + D] Eq. 1 

If the stiffness of the vehicle and barrier could be idealized as a 
1 inear spring, the impact force-time curve would be in the shape of a sine 
curve; then the peak or maximum lateral vehicle deceleration (max Giat) would 
be 

max Giat = ~(avg Giat) Eq. 2 

The lateral impact force (Fiat> on the longitudinal barrier would then be 
equal to the lateral vehicle deceleration times the vehicle weight, thus 

and 
avg F1at = (avg G1at)W 

max Fiat = ~ (avg F1at) 

Eq. 3 

Eq. 4 

One could determine the longitudinal forces on the barrier by multiplying the 
lateral forces times the coefficient of friction (µ) between the vehicle and 
barrier. The symbols used are defined as follows: 

L = vehicle length (ft); 
28 =vehicle width (ft); 
D = lateral displacement of barrier (ft) 

assumed as zero for rigid barriers; 
AL= distance from vehicle's front end to center of mass (ft); 
V1 = vehicle impact velocity (fps); 
VE= vehicle exit velocity (fps); 
e = vehicle impact angle (deg); 
µ = coefficient of friction between vehicle body and barrier; 
a = vehicle deceleration (ft/sec2); 
g = acceleration due to gravity (ft/sec2·); 
m =vehicle mass (lb-sec2/ft); and 
W = vehicle weight (lb). 

These equations express the average vehicle decelerations as a function 
of: (a) type of longitudinal barrier -- rigid or flexible; (b) dimensions of 
the vehicle; (c) location of the center of mass of the vehicle; (d) impact 
speed of the vehicle; (e) impact angle of the vehicle; and (f) coefficient of 
friction between the vehicle body and longitudinal barrier. When computed 
deceleration values from these equations were compared with full-scale 
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FIGURE 4. MATHMATICAL MODEL OF VEHICLE-BARRIER RAILING COLLISION 
(after NCHRP 86, Ref. 13) 
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automobile crash test data, it was found that these equations predict the 
behavior of standard size passenger car vehicles to an accuracy of ±20 
percent. Such a comparison is remarkable when one considers the simplicity of 
the model and the difficulties involved in acquiring and reducing data 
obtained from full-scale dynamic tests. 

These equations were used to compute the lateral impact forces a vehicle 
would impose on a rigid longitudinal barrier and plotted on Figure 5. For 
articulated vehicles like tractor-trailer trucks, only the tractor is 
considered to impact the barrier. The rear axles of the trailer and the load 
they are supporting is not considered. Numerous crash tests have shown that 
the big impact force is delivered by the rear tandem axles of the tractor. 
The impact force of the front axle of the tractor is smaller. The rear axle 
of the trailer frequently does not even impact the longitudinal barrier, and 
if it does, the force has been small. 

Table l and Figure 5 present some actual mea.surements (from load cells) 
of impact forces during crash tests. Table l also presents some estimates of 
impact forces as determined from accelerometers located on the vehicles. 
These estimates of impact forces from accelerometer readings were made as 
fol lows: 

l. For the passenger cars, van, school buses, and nonarticulated trucks, 
the accelerometers were located near the vehicle e.g. The impact 
forces were obtained by multiplying the maximum average 50 ms 
acceleration in g's by the total weight of the vehicle. 

2. The impact forces for the intercity and sceni cruiser buses were 
obtained as above except for the two tests by Davis (test No. 8307-1 
and 3). For those two tests, the accelerometers were located over 
the rear axles and thus the maximum average 50 ms acceleration in g's 
was multiplied by the weight on the rear axles only. 

3. Impact forces for all the articulated tractor-trailer rigs were 
obtained from accelerometers located on or near the rear tandem axles 
of the tractor. The maximum average 50 ms acceleration in g's was 
multiplied by the weight on the rear tandem axles only to obtain the 
recorded maximum forces. 

When these maximum 50 ms forces from the crash tests with buses and 
trucks impacting at nominally 60 mph and 15° are compared on Figure 5 with 
those predicted by Eq. 4, they seem to be about 78% higher. Some reasons for 
this could be (a) the larger wheel base length of buses and trucks, {b) the 
payload is a larger percent of the total load and shifts during impact, (c) 
tractor- trailers are articulated, and (d) these test results are the maximum 
average 50 ms impact forces whereas the theory is an idea 1; zed s inusoi da 1 
maximum force occurring during a time period of 300 ms or more. Consequently, 
the measured 50 ms impact forces are expected to be higher than the theory 
which computes average impact force over a longer 300 ms time duration. 

The value of the theory and Eq. 4 is that it shows some of the 
significant parameters which affect the impact forces, i.e., impact velocity, 
impact angle, vehicle length, vehicle width, vehicle weight, deflection of 
barrier, etc. Figure 5 shows the order of magnitude of the impact forces 
which a stiff-to-rigid longitudinal barrier must resist. 
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HEIGHT REQUIREMENTS OF LONGITUDINAL BARRIERS 

The previous section and Figure 5 presented data on the magnitude of the 
lateral impact forces imposed on a longitudinal barrier. While a barrier must 
be strong enough to restrain and redirect a vehicle, it must also be high 
enough to prevent the vehicle from rolling over it. 

Figure 6 shows a rear or front view of a vehicle impacting a longitudinal 
barrier. The force F1at is the resisting force which would be located at the 
centroid of the metal rail member or top of a concrete barrier. The height 
(H) of this resisting force is defined as the effective height of the 
barrier. For example, the top of a standard 12 in. deep W-beam guardrail is 
mounted 27 in. high in Texas; however, its effective height (H) would only be 
21 in. 

In many cases the e.g. height (C) of an impacting vehicle may be much 
higher than the effective height (H) of the barrier. The vehicle does not 
necessarily roll over the barrer in this case because a stabi 1 i zing moment 
equal to the weight of the vehicle (W} times one half the width of the vehicle 
(B/2) is also acting on the vehicle. Equation 5 shown on Figure 6 indicates 
the approximate effective height required for a barrier to prevent a vehicle 
from rolling over it. This effective height is a function of the maximum 
lateral impact deceleration of the vehicle, height of vehicle center of 
gravity, and width and length of vehicle in this simplified mathematical 
model. This simplified model does not take into account the roll, pitch and 
yaw moments of inertia. However, it seems to describe the trends of the test 
data. 

Figure 7 presents a comparison of the required effective height of a 
longitudinal barrier to the center of gravity- height for five selected design 
vehicles. From Figure 7 it can be seen that to prevent a large passenger car 
with e.g. from 20 to 24 in. from rolling over the barrier, an effective height 
of 16 to 21 in. is required. As mentioned previosuly, the standard guardrail 
has an effective height of 21 in. Vans and light trucks (pick-up trucks) with 
e.g. from 30 to 36 in. would require barrier effective heights of from 30 to 
34 in. To prevent a school bus with e.g. of 46 to 58 in. from rolling over, 
the barrier would require an effective height of from 38 to 42 in. An 
intercity bus would require barriers of similar effective heights. A large 
van tractor-trailer truck with e.g. of from 60 to 78 in. would require an 
effective barrier height rail of about 50 to 54 in. A large tank 
tractor-trailer would require an effective barrier height of about 78 to 90 
in. 

The preceding suggested barrier heights are only to be used as a general 
guide. Motor vehicle characteristics vary widely. Operating speeds and 
possible angles of impact vary widely. Highway engineers should carefully 
consider the important variables discussed here before selecting a barrier 
design strength and height. 

An example of unusual performance of a 27 in. high bridge rail 
successfully redirecting a school bus is illustrated by Test Nos. 3451-9 and 
10 in Table l. The school bus had a e.g. of 50 in. prior to impact at 60 mph, 

15 



- B 

B/2 

W max G1at. .. , C.G. - - ' 
,. 

\ I w 
Point 0 

Fiat 

' c 

H 

t 

----------

~~ 
,...--..... 

-.. 
~ 

IJ ' ~ ' 

~ I .......... . - . _ ... ,, ,.'\.-t':lll' . : ~ -· -- -~--~; :· :~ ... .... . ·-· · .. , :,-:!f 
!~--· , . .......... ":/' ,· · · ... , .. .. · .. '· ·~ ; ' ,: --::·...""~ .. . , .t .. ~ 

W = weight of vehicle 

max Gtat. = max. lateral deceleration of vehicle from Eq. 2 
C = height to vehicle e.g., in. 

H = effect Ive height of barrier roil, in. 

0 = center of overturning rotation located at centroid of 
rail or top of concrete parapet 

B= width of vehicle, in. 

frat.= resisting railing force located at effective rail heioht 
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50° angle. During impact with the very strong and rigid bridge rail, the 
front axle was knocked out from under the bus and the front end of the bus 
dropped down 24 in. The e.g. was instantly lowered 7 in. down to 43 in. 
before the rear axle impacted the rail. This unusual behavior had a 
significant stabilizing influence on the bus. On Figure 7 note the two B's at 
27 in. barrier height and 43 in. e.g. height. 
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SUMMARY AND CONCLUSIONS 

The information presented in this paper has shown that longitudinal 
barriers (guardrails, median barriers, and bridge rails) can be designed and 
constructed to restrain heavy vehicles such as buses and trucks. Figure 5 
indicates the magnitude of the impact forces which these barriers must 
resist. These forces are for fairly stiff-to-rigid longitudinal barriers. To 
redirect a 20,000 lb school bus at 60 mph and 15° angle, the barrier should 
resist about 100,000 lb of force. To redirect a 40,000 lb intercity bus at 60 
mph and 15° angle, the barrier should resist about 165,000 lb. To redirect an 
80,000 tractor-trailer at 50 mph and 15° angle, the barrier should be capable 
of -resisting about 190,000 lb. Barriers similar to those shown on Figures 2 
and 3 have demonstrated this. For precise design details of these barriers, 
the appropriate references should be consulted. 

Figure 7 indicates that to redirect school and intercity buses without 
rollover, such barriers should be about 38 to 42 in~ high. School buses are 
more vulnerable to rollover than intercity buses. Figure 7 also indicates 
that van-type trucks need a barrier from 50 to 54 in. high to minimize 
rollover at 50 mph and 15° angle impact. Tank-type trucks need a barrier from 
78 to 90 in. high to prevent rollover at the same speed and angle. 

The tests conducted so far indicate that barriers with a vertical face on 
the traffic side are much better for resisting vehicle rollover. Barriers 
similar to the 54 in. high combination rail on Figure 2 is an example. On the 
other hand, the sloping faced concrete safety shape assists the vehicles to 
roll over. For example, the 42 in. high concrete safety shape on Figure 2 
permitted the vehicle to roll 24° before it contacted the top of the barrier. 
The 50 in. high combination rail on Figure 2 permitted the impacting truck to 
roll 11° before it contacted the upper steel rail. 
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APPENDIX A 

GLOSSARY 

Area uf Concern - An object or roadside condition that warrants shielding by 
a traffic barrier. 

Barrier Wa"ant-A criterion that identifies an area of concern which should be 
shielded by a traffic barrier. The criterion may be a function of relative 
safety, economics, etc., or a combination of factors. 

Bridge Rail- A longitudinal barrier whose primary function is to prevent an 
errant vehicle from going over the side of the bridge structure. 

Clear Zone- That roadside border area, starting at the edge of the traveled way, 
available for safe use by errant vehicles. Establishment of a minimum width 
clear zone implies that rigid objects and certain other hazards with clearances 
less than the minimum width should be removed, relocated to an inaccessible 
position or outside the minimum clear zone, remodeled to make safely 
traversable or break~way, or shielded. 

Clearance- Lateral distance from edge of traveled way to a roadside object or 
feature. 

Crash Cushion - A traffic barrier used to safely shield fixed objects or other hazards 
from approximately head-on impacts by errant vehicles. Examples are sand­
filled plastic barrels, water-filled tubes, vermiculite concrete cartridges, and 
steel drums. 

Crashworchy Barrier- One that can be impacted by a vehicle at or below the 
anticipated operating speed of the roadway with low probability of serious 
injury to the vehicle's occupants. 

Experimental Barrier- One that has performed satisfactorily in full-scale crash 
tests and promises satisfactory in-service performance. 

Impact Angle- For a longitudinal barrier, it is the angle between a tangent to 
the face of the barrier and a tangent to the vehicle's path at impact. For a 
crash cushion, it is the angle between the axis of symmetry of the crash 
cushion and a tangent to the vehicle's path at impact. 

Length of Need- Total length of a longitudinal barrier, measured with respect to 
centerline of roadway needed to shield an area of concern. 

Longitudinal Barrier- A barrier whose primary functions are to prevent penetra­
tion and to safely redirect an errant vehicle away from a roadside or 
median hazard. The three types of longitudinal barriers are roadside barriers, 
median barriers, and bridge rails. 

Medio.n Barrier- A longitudinal barrier used to prevent an errant vehicle from 
crossing the portion of a divided highway separating the traveled ways for 
traffic in opposite directions. 

Operating Speed - The highest speed at which reasonably prudent drivers can be 
expected to operate vehicles on a section of highway under low traffic 
densities and good weather conditions. This speed may be higher or lower 
than posted or legislated speed limits or nominal design speeds where align-

~ent, surface, roadside development, or other features affect vehicle opera­
tion. 

Operational Barrier- One that has performed satisfactorily in full-scale crash tests 
and has demonstrated satisfactory in-service peJf ormance. 

Research an~ Devel~pment Barrier- One that is in the development stage and 
has had insufficient full-scale tests and in-service performance to be classified 
otherwise. 

Roadside Barrier- A longitudinal barrier used to shield hazards located within 
an established minimum width clear zone. It may also be used to shield 
hazards in .extensive areas between the roadways of a divided highway. It 
may occas1onally be used to protect pedestrians or "bystanders" from 
vehicular traffic. 

Roadway-The portion of a highway, including shoulders, for vehicular use. 

Shy Disuu:ce- ~istan~ from the edge of the traveled way beyond which a 
roa~1de ~bJect wdl not be perceived as an immediate hazard by the 
typical dnver, to the extent that he will change his vehicle's placement or 
speed. 

Traffic Barrier- A device used to shield a hazard that is located on the roadside 
or in t~e median, or a device used to prevent crossover median accidents. 
~s defm~d herei~, there are four classes of traffic barriers, namely, road­
side bamers, median barriers, bridge rails, and crash cushions. 

Traveled. Way-The portion of the roadway for the movement of vehicles, ex­
clusive of shoulders and auxiliary lanes. 




