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Foreword 

Of the 10 papers in this Record , 2 are cone · rned with safety aspects of sign supports, 4 with 
bridge rails and bridge rail tran itions 3 with traffic barriers, and 1 with a median treatment. 
The papers will be O'f interest to engineer concerned with highway safety, traffic operations, 
bridges and geometrics. Brief de cript i n of the scope of the papers are as follows: 

Davi examines lightweight igns mounted n work zone Type III breakaway barriers for 
durability under wind loads up to 60 mph and safety when subjected to vehicle crash tests 
at 20 and 60 mph. Vinyl roll-up signs and 0.024-in. aluminum signs were recommended for 
implementa ion . 

U ing impact test data , Breaux and M rgan confirm that predictions of breakaway sign 
performance made by usi ng change of kinetic energy calculations (changes in velocity) are 
rea ·onably accurate and u eful ~ r estimating the margin of safety in sign support systems. 

Hirs h and Romere report on 1,918- and 4 400-lb cars crash-tested into a modified Texas 
202 bridge rail designed to redirect an 80.000-lb tractor-trailer striking at 50 mph at a 15-

degree angle. The tests were rep rted to be successfu l. 
Buth et al. describe I he development and crash testing of four different types of bridge 

rails designed to meet Perfomrnnce Level 2 requirem nts. 
Hirsch et al. present the successful crash test result of a new type of reinforced concrete 

bridge rail that was selected for aesthetic attractiveness as well as structural adequacy from 
22 different designs. 

Mak et al. describe four crash tests using either 1,880- or 4,500-lb vehicles to evaluate the 
safety a pects of the Wyoming tube-typ bridge ra il. T he te ·t show d that the railing me 1 

the guidelines set forth in NCH RP Report 230. 
Mak and Sicking made a lit rature tudy of vehicl rollovers associated with impact · with 

concrete i;afety-shaped barriers. Their findings r ultcd in further study consisting f computer 
simulations of other barrier shapes. The studies suggest that a barrier with a constant slope 
face will reduce roll vers and als be more adaptable to applications of ove;lays. 

Hirsch and Mak developed and tested a portland cemen t-stabilized . ·and-filled MK-7 
barrier that contained and smoothly redirected an 80,000-lb tractor-trailer. 

Glauz reports on four crash tests of a movable concrete barrier usigg 4. 00- and 2,000- lb 
cars. The crash tests satisfied barrier requirem nt for tru tural adequacy and >Ccupant risk, 
but did not satisfy requirements for vehicle trajectory because of large exit angle . 

For possible use in work zones, a temporary asphalt median (is land) was developed and 
evaluated for cost and effectiveness. Cottrell reports that tbc temporary median performed 
well at a traffic level between 6,000 and 30,000 vehicles per day , nt le ·s co ·t than mo a le 
concrete barriers, because no impact attenuators were needed. Suggestions for improvement 
are included in the paper. 

v 
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Signs on Breakaway Barricades
Wind and Crash Tests 

THOMAS D. DAVIS 

Work zone informational sign panels are often mounted on por
rnblc wood or metal frame · and used for changing traffic oper
ati ns in N w Jersey work zones. Al limes, these pon able igns 
are placed close to Type 11 l bren kawtl)' barricades used to chan
nelize lraffic. If signs could be placed on rhe barricade.~ instead , 
some ponable wood or meta l ign frames would no longer be 
needed. This would reduce ign co ts as well. Barricade. wilh 
sign altached at vari us heights for visibility purpo ·es we re 1estcd 
for d urability under wind I ads up 10 60. mph In accordance with 
criteria establi hed by AA HTO. Twenty- and 60-mph full - ·cale 
vehicle crash te t · were conducted in compliance with criteria 
establ i hed by AA HTO and N //RP Rcporl 230. Only light
weight signs we re a ttached to the barricades in !he re. t to elim
inate doubt concerning the damage that . rnndard-we ight igns 
might cause. 1 he 12-in .-clearance, 0.024-in .-thick aluminum sign 
fail ed the 60-mph crash test . Howeve r, vinyl roll-up ign with 
21, 38, imd 50 in . o f clearance from the bot rom of the sign to the 
pavement and 0.024-in. -thick aluminum . ign · wit·h 29 and 41 in. f 
olcarnncc pa sed the wind and era h tc. ts and are recommended 
for implementation . 

Work zone informational sign panels are often mounted on 
portable wood or metal frames and used for changing traffic 
operations in New Jersey work zones. At times , these portable 
diamond-shaped signs are placed close to barricades used to 
channelize traffic. If signs could be placed on the breakaway 
barricades instead, the practice of using portable wood or 
metal sign frames could be abandoned. This would reduce 
the number of hazardous objects near traffic. This subject is 
timely because most work zone accidents are collisions with 
hazardous objects (1). The sign expenses would be reduced 
as well. 

The barricades used to channelize traffic are called Type 
III breakaway barricades . They have three lightweight hori
zontal panels with orange and white stripes. The barricades 
are made of unglued 3-in.-diameter polyvinyl chloride (PVC) 
pipe and have been shown to cause minimal damage to vehi
cles on impact (2,3). In order to eliminate doubt concerning 
causes of damage from the tests, only lightweight signs were 
attached to the barricades. 

The Manual on Uniform Traffic Control Devices (4) allows 
work zone signs on barricades as long as the bottom of the 
sign is at least 1 ft above the pavement, although higher 
mounting is desirable. Efforts were made to attach the 4-ft
square sign panels as high as possible to provide good visibility 
to drivers, and the barricades were modified to support the 
signs at higher positions. 

An initial search of the Transportation Research Infor
mation Service on-line computer files found no abstracts rel-

Bureau of Transportation Systems Research, New Jersey Department 
of Transportation , 1035 Parkway Avenue, Trenton, N.J . 08625. 

evant to sign o n T yp IJ[ breakaway barricades. A seco.nd 
search on the broader subject o f te mporary or p rtab.le bar
ricade or barrier with breakaway o r frangibl e fi a tures found 
130 abstracts . No information was found relative to testing of 
portable mall ign support , including ign o n T ype m 
breakaway barricades. A earch of related info rmation source 
yielded o nly one untested prototype Type 111 breakaway ba r
ricade sign , upport , which wa deve l ped by the Ponca ity 
Oklahoma, Traffic Engineering Department. 

The barricades with attached signs were to continue to func
tion in a manner consistent with standard PVC Type III break
away barricades whe n subjected to wind Ire s as ·pecified by 
AASHTO (5) a nd vehicle impact in compliance with criteria 
e tabli. hed by AASHTO (5) a nd NCH RP Report 230 (6). 

To e lect an adequate barricade-supported ign device, the 
following procedures were used: 

1. Preliminary wind load tests using the back of a moving 
truck, 

2. Intermediate wind load tests using a jet exhaust wind 
tunnel , 

3. Final wind load tests using the back of a moving truck, 
4. Preliminary in-house crash tests at low speeds, and 
5. High-speed crash tests by a contractor. 

The ign he ight was varied during the tests, and modifi
cations were made as necessary. The design that passed the 
tests will be installed and monitored in an actual work zone . 

DESCRIPTION OF BARRICADES AND SIGNS 

T ype TII breakaway ba rricades we re used to su1 po rt the 
nece sa ry ign panels. The barricades have three 9-in . x 
48-in ., 0.024-in .-thick aluminum horizontal panels with orange 
and white stripe . The pa nel a re a ttached to 3-in. unglued 
PV pipe Sch dule 40 ASTM 1785-74 or SDR-26 ASTM 
2241-74. The initi al design used two pring-Le nsio ned wire 
from the to1 to the Car bottom of the barricade to keep the 
barricade from vibrating apart. To restrain the to p ecti n of 
1be barricade from triking car wind hie ld · on impact, a o. 
6, 3/ 10-in. -diameter solid bra ided nylon rope was tied in ·ide 
the ve rtical portio n of the barricade. For balla t , 300 lb of 
sand was used . 

The dia m nd- ·ha ped ig n we re 4 ft long on each id a nd 
m de of eithe r vinyl o r 0.024-in .-thick aluminum . T he vinyl 
ign wa supplied with a fibe rg lass cro · that provided rigidity· 

the cross was at tached to the barricade with two 1-in . No . 14 
panhead screws through the horizontal fiberglass cross mem-
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ber. The aluminum sign was attached to the barricade with 
four 1-in. No. 14 panhead screws. 

WIND TESTS-PHASE 1 

Method 

On October 2, 1986, a flatbed stake truck was used to test 
the effecL~ f wind on th experimental ign on barricad 
devices (Figure 1). T h ·ign were placed on lhe tailgate to 
minimize th cffe t f the truck cab. The signs with l ft of 
clearance fro m the bottom of the ign to the pavement wer· 
attached to standard Type IU breakaway barricades; the 5-

FIG RE I Phase I wind test with I-ft-clearance aluminum 
sign at 50 mph. 

TABLE 1 RESULTS OF PHASE 1 WIND TESTS 

TRANSPORTATION RESEARCH RECORD 1258 

ft-clearance signs were a1tachecl t barricad ex tended upwnrd · 
th 7-fl-clearance sign wa attached t a barricade with an 
extended h ight and an extended ba. c (Figure 2) . To pa 
thi preliminary · recning. the signs and barricades were t 

keep their integri ty a th tru k acce lerated. Th goa l was 60 
mph , but lhe truck reache I a maximum , peed of only 50 mph 
because of the shortness of the test track. - ach model was 
tested for wind stress int and behind th sign b rev rsi ng 
rhe ori ut< Lion of the sign. 

Results 

Table 1 outlines the results of the Phase 1 truck tests. There 
were no problems with the 1-ft-clearance signs. However, 

FIGURE 2 Phase I wind test with 7-ft-clearance vinyl sign at 
45 mph. 

Test 
Number 

Sign 
Materials 

Sign Ballast Wind 
Direction 

Results* 
Clearance Cft.) (lbs.) 

1 aluminum 1 300 behind sign pass 

2 aluminum 1 300 into sign pass 

3 vinyl 1 300 behind sign pass 

4 vinyl 1 300 into sign pass 

5 aluminum 5 600 behind sign fail, 45 mph 

6 aluminum 5 600 into sign fail, 40 mph 

7 vinyl 5 600 behind sign fail, 40 mph 

8 vinyl 5 600 into sign pass 

9 vinyl 7 600 behind sign fail, 45 mph 

10 vinyl 7 600 into sign fail, 45 mph 

* To pass, tne sign and barricade were to keep their integrity 

when subject to a wind load of 50 mph. 



Davis 3 

TABLE 2 RESULTS OF PHASE 2 WIND TESTS 

Test Sign Sign Ballast Wind Results* 
Number Materials Clearance (ft.) (lbs.) Direction 

1 vinyl 1 300 behind sign pass 

2 vinyl 1 300 into sign pass 

3 aluminum 5 300 behind sign pass 

4 aluminum 5 300 into sign fail, 40 mph 

5 vinyl 5 300 behind sign pass 

6 vinyl 5 300 into sign pass 

7 aluminum 7 300 into sign fail, 46 mpr. 

* To pass, the sign and barricade were to keep their integrity when 

subjected to a wind load of 60 mph. 

both aluminum and vinyl 5·ft-clearance and the vinyl 7-ft
clearance signs failed when the top exrension broke free from 
the barricade. The 0.024-in.-thick aluminum sign flexed in the 
wind, but it straightened out after the test . 

At this point the 5-ft- and 7-ft-clearance sign frames were 
modified. The 5-ft-clearance sign frame was extend d both 
vertically and hor izontally, and the 7-ft-clea rance sign frame 
was designed so thac guy wires wi th ·pring would accept most 
of the wind load . The new de igns were evaluated in th 
next wind test. 

WIND TESTS-PHASE 2 

Method 

On October 27, 1986, the 1-ft-clearance models and the mod
ified 5-ft- and 7-ft-clearance models were tested at the Federal 

FIGURE 3 Phase 2 wind test with 1-ft-clearance vinyl sign at 
69 mph. 

AviaLion Admini tration Technical enter jet exhau t wind 
tunnel facility in Atlantic ity, New Jersey. According to 
AASHTO (5) , Roadside sign structure · that are con idered 
to have a relatively short life expectancy may be designed 
usi ng wind speeds ba ed on a 10-year mean recurrence inter
val ." For New Jersey, the wind speed for a 10-year mean 
recurrence interva l i 60 mph. Thus the sign and support 
structures would have to keep their integrity under a 60-mph 
wind load to pas the wind tunnel test. Whereas the 1-, 5-, 
and 7-ft model were tested in both directions only the 5-ft 
model wa tested with both the aluminum and the vinyl igns. 
Phase 1 showed little difference between the aluminum and 
vinyl signs with the same clearance. 

FIGURE 4 Phase 2 wind test with 5-ft-clearance vinyl sign at 
63 mph. 
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Results 

A s Table 2 sh w , the 1- ft -clea ranc vinyl sign passed this 
wind test as we ll (Figure 3). Whe rea. the 5-fl· learance vinyl 
sign endured the test (Figure 4) th a luminum sign fa iled 
when the frame eparated with ihe wind in to the ·ign. he 
7-ft-clea rance aluminum sign frame fa iled when the top Y 
fitting fractured (Figure 5). 

'1 ... 
t . 

FIGURE 5 Phase 2 wind test with 7-ft-clearance aluminum 
sign at 46 mph. 

II " 

9" 

t 
II 

t 
9" 

t 
11" 

t 

TRANSPORTATION RESEARCH RECORD 1258 

Ba. cd n the results of the wind tunnel te 1s. additi nal 
change were made to make the sign fra me · more durable . 
The prings tha t pr vjded te nsion for the wires u. ed o n the 
standard barricade we r removed because th y a llowed L o 
much fie ·ing unde r· wind load -. Th vring were a lso j udged 
to e hazardous bccau e they tended to com lo 'e and b · c me 
projectile when adjusted by worker . T he wire we re p lLlled 
Light to ptovide t nsion . The aluminum sign clearances were 
redu ed to 12, 29 , and 41 iu. and the vinyl sign learance 
were r~ducecl to 21, 38, and 50 in . The 29- and 38-in .-clearance 
signs were attilched to barricades extended up l ft, and the 
41- and 50-in.-clearance signs were attached to barricades 
extended up 2 ft . The vinyl ign were 9 in . higher tha n the 
aluminum signs because the vin yl ·igns had lheir own upp rt 

y tcms. Se• Fi ures 6 through 11 fol' detai l . 

WIND TESTS-PHASE 3 

Method 

T he new signs on barricade SL ructure were placed o n a fla tbed 
tak truck that reached 60 mph. A usual the igns w re 

tested with the wind behind the sign and into the sign. 

Results 

A IJ of the redesigned signs on barricade structures pa ·sed this 
final wind te t (Table 3). The signs were now ready for the 
pr liminary era h tests . 

A #6, 3/16" diameter 

solid braided nylon 

rope shall be secured 

lo it se If 

3"x 3" wye 

wire, 12 oaoe 

300 lb. 

used as couplers I lyp.} 

FIGURE 6 Aluminum sign on barricade with 12 in. of clearance. 
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NOTE: 

Al I dimensions on fut I pipe length Socket 

depth of fittings I 112' 

4'x4' Sign 
0.024 aluminum 

... 
9 

,~ .. 
g" 

t 
11" 

' 
4

11 
pipe lengths 

A #6, 3116
11 

diameter 

solid braided nylon 

rope shall be secured 

internally to itself 

3
11

X 3
11 

wye 

wire, 12 gage 

400 lb. 

used as couplers ( typ.) 

FIGURE 7 Aluminum sign on barricade with 29 in. of clearance. 

PRELIMINARY CRASH TESTS 

Method 

On July 15 1987 the barricades with aHached signs we re 
crash-le tcd t determine their effect on vehicles and nea rby 
w rker . An unoccupied Plymouth Horizon was u ed r crash 
int t11e s igns a t 25 mph the highe. l speed p ssible under the 
le. t track conditio n . A W-beam guardra il 150 ft in length 
was used to guide lhe vehicle lo the . ign. and a tru k wa · 
used to push the ca r down rhc track (Figure 12). Once iii> 

car reached 25 mph , the truck driver brak d and lhe car 
conlinuecl into th s ign (Figure 13 . After 1h collision 1he 
car was . topped witb a rem tely controlled hyd raulic brake. 
T he tes ts were documented wi th 1wo video camera and one 
35-mm ca mera . One vide camera wa. posi tioned to vi ew the 
entire ite and the o the r vide camera recorded the impnct. 
The preliminary iest was d ne in-house and wa design ed to 
eliminate unsafe model before final testing by a contraclor. 

Results 

As Table 4 shows , the six crashes, with the exception of one, 
did only cosmetic damage to the car (Figure 14) . However, 
the 41-in.-clearance aluminum sign damaged the wind hield 
(Figure 15) . The right post was hit and the upper right ·ection 
of the barricade structure shauered the wind ·hield . In this case , 
the intern al ro pe fa iled t h Id the vertical p nion of the 
barricade together , permiuing the debris to hit the windshield . 
The internal r pe wa used in the 1andard barricade to keep 
the top poni n o f the ba rricade away from the wind hield . 

To minimize thi problem 12-gauge wire was pecified and 
lhe sign panel was attached above to the topT filling. In thi 
way the sign <md fra me should separnte above the T fi tting and 
clear the top of the vehicle. The inle rnal r p should keep 
the rest f the fram away from lh wind hield. The signs did 
not become missiles to harm other drivers or nearby workers 
in any of the tests. The sign either stayed with the vehicle or 
landed a few feel from the impact site. With these minor 
adjustments, the signs were ready for the final crash tests. 

5 
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NOTE: 

All dimensions on full pipe lenoth. 

Socket depth of fit ti nos is I 1/2". 

4
1
X 4

1 
sion 

0.024 aluminum 

g" 

f.. 
II 

i 
g" 

t 
11" 

t 
l----2'-a" ~ 

r 
2'-0" 

L 

2'-e" 

4
11

pipe 
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A #6, 3/16
11 

diameter 

solid braided nylon 

rope shall be secured 

internally to itself 

3
11

X 3
11 

wye 

wire, 12 C)oge 

used as couplers ( typ.) 

FIGURE 8 Aluminum sign on barricade with 41 in. of clearance. 

FINAL CRASH TESTS 

Method 

In the fall of 1988, the University of Nebraska conducted 20-
and 60-mph crash tests using a 1, 00-lb, unoccupied 19 0 
Volkswagen Rabbit (J. A. Magdaleno , R . K. «tiler, and 
E. R. Post, unpublished data, 1989). Two piezoresistive accel
erometers were bolted to the car floor to measure longitudinal 
acceleration ·, two 16-mm cameras documented the collisions 
at 500 frames/sec, and tape pressure switches measured the 
speed before and after impact . The Rabbit was towed by 
another vehicle, guided by a suspended cable, and released 
before impact. 

Criteria 

The test performance was judged on the basis of criteria set 
by AASHTO (5) and NCHRP (6). The purpose of the 20-

mph lest was tom a ure the breakaway cha.racteri tics of the 
sign and their barricade ·upports. On impact the center of 
the bumper was planned to be midway between the two bar
ricade post . The purp e of the 60-mph test wa · t stimate 
vehicle stability, vehicle trajectory , occupant risk, debri 
intrusion into the pa. senger compartment and the hazard 
from debri to other traffic. The right po t was contacted by 
the quarter point of th vehicle's bumper. The 21-in.-clear
ance vinyl sign wa not tested heciluse it closely resembled 
the standard barricade that was crash-tested more than 15 
years ago. On the other hand, because of the windshield 
cracking experienced in the preliminary tests, the 41-in .-clear
ance aluminum sign was also struck at 20 mph and 60 mph 
with the bumper centered on one post. 

Results 

Table 5 gives the results of the 12 full-scale crash tests into 
the experimental barricade-supported signs. The vehicle impact 
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NOTE : 

All dimensions on full pipe lenoth . 

Socket depth of fittinos is I 11i'· 

4
1

X4
1 

vinyl sion 

9" 

f 
1.1" 

t 

4
11

pipe lenoths 

A #6 1 3/16
11 

diameter 

solid braided nylon 

rope shall be secured 

i n t e r n o I I y to i t s e I f 

3"x 3 11 wye 

12 gooe 

7 

used as couplers ( typ.) 

FIGURE 9 Vinyl sign on barricade with 21 in. of clearance. 

v locily , the vehicle change in velocity. and the occupant 
impact velocity were all .normalized to give values that wou ld 
be more indicative of the test resu lts had the tests been 
conducted at the exact target impact peed. T he following 
conclusions can be noted: 

1. Three of the devices proved . atisfactory in meeting the 
criteria: the 41-in.-clearance alumjnum sign on an extended 
barricade, the 38-in.-clearance vinyl ·i non an extended bar
ricade, and the 50-in.-clearance vinyl sign on an extended 
barricade. 

2. The 29-in.-clearance aluminum sign on an extended bar
ricade proved to be ma.rginal because high occupant impact 
velocities (17.4 ft/sec) and vehicle velocity change (16.9 ft/ 
sec) were recorded. 

3. The 12-in.-clearance aluminum sign on a standard bar
ricade failed the criteria because the sign and support structure 
intruded into the passenger compartment. 

SUMMARY AND CONCLUSIONS 

On the basis of the results of the 60-mph wind tests and the 
20-mph and 60-mph crash tests, the following meet AASHTO 

and CHRP criteria for 4-fl X 4-ft vinyl and 0.024-in.-thick 
aluminum signs attached Lo Type III breakaway barricades: 

1. 21-in.-clearance vinyl roll-up sign, 
2. 29-in.-clearance, 0.024-in.-thick aluminum sign, 
3. 38-in.-clearance vi nyl ro ll-up sign, 
4. 41-in.-clearance, 0.024-in.-thick aluminum sign, and 
5. 50-in.-clearance vinyl roll-up sign. 

A lthough the 29-in.-clcarance, 0.024-in.-thick aluminum ign 
was margina l in passing the 60-mph crash test the Univer ity 
of Nebra ka aid 'this design has the abi lity to perform ·at
isfactori ly pr vided that it is ba llasted pl'operly" (J. A. Mag
daleno R. K. Fall r, and E. R. Post, unpublished data , 1989). 
lt is important that the sandbags be distxibuted ev nly along 
the base of the barricade because they tend to pile up under 
the car. 

The signs were reusable and the ba rricade frames cou ld b 
repaired with avai labl interchangeable parts. Type m break
away barri ade with attached 4-ft x 4-ft signs continued to 
function io a manner con istent wi th standard Type Til break
away barricade . T his mean that wood or metal frames will 
no longer be needed to support igns in the vicinity of existing 
Type UI breakaway barricade . Thi· in turn mean fewer fJxed 
objects and lower costs. 
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NOTE: 

All dimensions on full pipe len9th 

Socket depth of fittings is 1 •12" 

4°X 4
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vinyl sign 

t 
9" 

' 
4"pipe len9ths 
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A #6,3/16" diameter 

solid braided nylon 

s ha II be secured 

to itself 

3"x 3" wye 

go C)e 

used as coup I e r s ( t y p l 
FIGURE 10 Vinyl sign on barricade with 38 in. of clearance. 

RECOMMEND A TIO NS 

Vinyl roll-up signs with 21, 38, and 50 in. of clearance and 
0.024-in .-thick aluminum signs with 29 and 41 in. of clearance 
from the bottom of the sign to the pavement are recommended 
for implementation in work zones. 

IMPLEMENTATION OF FINDINGS 

Starting in November 1989, the 50-in.-clearance vinyl roll-up 
signs were used in actual work zones. The signs were monitored 
and functioned properly. 
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TABLE 3 RESULTS OF PHASE 3 WIND TESTS 

Test Sign Sign Ballast Wind Results* 
Number Material Clearan ce C in .) Clbs.) Direction 

1 aluminum 12 300 behind sign pass 

2 aluminum 12 300 into sign pass 

3 aluminum 29 400 behind sign pass 

4 aluminum 29 400 into sign pass 

5 aluminum 41 400 behind sign pass 

6 aluminum 41 400 into sign pass 

7 vinyl 21 300 behind sign pass 

8 vinyl 21 300 into sign pass 

9 vinyl 3'8 400 behind sign pass 

10 vinyl 38 400 into sign pass 

11 vinyl 50 400 behind sign pass 

12 vinyl 50 400 into sign pass 

* To pass, the sign and barricade were to keep their integrity when 

subjected to a wind load of 60 mph. 

FIGURE 12 Preliminary crash test vehicle guidance system. 



FIGURE 13 Preliminary crash test. 

FIGURE 14 Typical preliminary crash test vehicle damage. 

TABLE 4 

Test 
Number 

1 

2 

3 

4 

5 

6 

RESULTS OF PRELIMINARY CRASH TESTS 

Sign Sign Ballast Number of Results 
Material ClearanceCin.> Clbs.> Posts Hit 

aluminum 12 300 1 small dent 

aluminum 29 400 2 _ _____,, small dent 

aluminum 41 400 1 windshield 

vinyl 21 300 2 small dent 

vinyl 38 400 2 small dent 

vinyl 50 400 2 small dent 

FIGURE 15 Preliminary crash test windshield damage from 
41-in.-clearance aluminum sign. 

in h6od 

in hood 

cracked 

in hood 

in hood 

in hood 
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TABLE 5 RESULTS OF FINAL CRASH TESTS 

Test Sign Sign Speed Ballast Number of Results* 
Number Material Clearance (in. ) {m:gh) (lb.) Posts Hit 

1 aluminum 12 20 300 2 pass 

2 aluminum 12 60 300 2 fail 

3 aluminum 29 20 400 2 pass 

4 aluminum 29 60 400 2 marginal 

5 aluminum 41 20 400 2 pass 

6 aluminum 41 60 400 2 pass 

7 aluminum 41 20 400 1 pass 

8 aluminum 41 60 400 1 pass 

9 vinyl 38 20 400 2 pass 

10 vinyl 38 60 400 2 pass 

11 vinyl 50 20 400 2 pass 

12 vinyl 50 60 400 2 pass 

* To pass, the barricade supported sign structures must have met 

NCHRP and AASHTO criteria for: 

a. debris intrusion into the passenger compartment, 

b. hazard to other traffic from debris, 

c. passenger compartment integrity, 

d. vehicle velocity change (not to exceed 15 fps), 

e. vehicle stability, 

f. vehicle trajectory, 

g. occupant impact velocity (not to exceed 15 fps) and 

h. occupant ride down acceleration (not to exceed 15 g's). 

expressed to the FAA Technical Center for the use of the jet 
exhaust wind tunnel; the University of Nebraska for perform
ing the final crash tests; the Bureau of Transportation Tech
nology Research for videotaping the wind and preliminary 
crash tests; the Division of Maintenance of the New Jersey 
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in the wind tests; and finally MDI Traffic Control Products, 
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Evaluation of Small-Sign Systems from 
Existing Crash Test Data 

L. DWAYNE BREAUX AND JAMES R. MORGAN 

Small signs and small-sign upport ·y Lcms account for a sub
stantial investment by fcden l, s1111e and local agcncic . For the 
past 20 or more year thcs~ ystem. h~1ve been rested for crash
worthiness. Many sma ll-sign systems had been tested and approved 
on the basi f previou specificati n . For the most part these 
tests were conducted with diffe ren t vehi le ;111d somcthn 111 
differ nt impncl I eeds than those required by current specifi
cations. Retesting of current systems will uncloub1edly be required 
as new specification arc released. A rationale that can b ~ used 
to predi.c1 impact pcrfornrnnce For sign instal lution · thm have been 
tested pr viously wirh a different size and class of vehicles is 
pre. ented. ln pile of th variabil ity in tc t pnramelers, it appears 
that an energy f rmulation will provide estimates , not nly for 
the current ·tanclard, but ul o f'or any ruture vehicle weight or 
impact speed~ . Mo t ign systems. breakaway or not. appear LO 
follow ·1 lin ar re.lat.ion. hip between kinetic energ rind impact 
velocity . Hecenl tests, for the most part , upport this theory. Th 
one n tnb le exception to Che linear fit is the triangular slip base . 
This ·ystem. because of its unique failure mechani 111, is more 
appr pril\lely modele l by a cubic eq uation of bcM fit. The c ti 
mared changes in ve.locity cou ld be u eful f r recertific;11ion of 
exi ting. ign sy terns a well as fore ·trnpola tion berween si ngle
a·ncl multiple-post system . If additional test arc required , the 
e ti mated change in velocity will indicate which tests are critical. 
thereby allowing for the pos ibi!ity of (ewer certifica ti n tes1·s. 

Small-sign systems include everything from Stop signs and 
delineator pos · co ·igns up to about 25 ft?. Jn s me ca ·e 
multiple mall-s.i n support systems are u eel t upport much 
la rger signs 40 to 50 ft2). T herefore this broacl das f sign 
is prevalent in ever sla te, c unty , and municipality in the 
country. 

To ensure the safety of vehicle occupants, specifications, 
guideline , and rec mmenclatiO!l ' have been written that de
fine acceptab le vehicle performance criteria (1,2). ln 1981 
NCH RP Rapor1 230 (3) became the standard for mea ·uring 
crashworthiness. The NCHRP report with modifications from 
AASHTO (4) is the current standard; however, a new 
standard is unquesti nably in the fuiure. 

Many small-sign systems had been tested and approved 
under Lhe TRB specifica tion u ing a 2,250-lb vehicle. How
ever, AASHTO requires the use of an 1,800-lb vehicle tested 
at 20 and 60 mph. Thus, the more recent specification required 
additional testing for systems that had previously been tested 
and approved. Severn I recertification tests were done showing 
that most previously appr ved systems passed with the 1,800-
lb cars. With these considerations, the Federal Highway 
Administration ruled (23 CFR 625) that it is not currently 
necessary to retest systems approved with 2,250-lb vehicles. 

Texas Transportation Institute , Texas A&M University System, College 
Station, Tex. 77843-3135. 

Unfortunately, the need for retesting will resume at the end 
of the current grace period. 

The primary focus of the specifications has been the changes 
in velocity during impact and the integrity of the occupant 
compartment. The current standard addresses the e areas as 
follow . Fir t, the change in velocity of an unrestrained occu
pant should not exceed 15 ft/sec (extended to 16 ft/sec y 23 
CFR 625) during the impact. Second, there can be no pen
etration of the occupant compartment. The report includes 
other test specificati n. , but for a given sign stem, 1t 1s 
generally these two criteria that determine the acceptability 
of a sign installation for crash performance. 

The most ignificant difference between the 1,800-lb and 
2,250-lb cars has been the change in velocities. Vehicle stabil
ity and ccupant compartment integrity are als major con
siderations, but these are u u·illy linked to the change in veloc
ity. Unfortu.nately, there ha been no acceptabl ' me thod for 
comparing or I redicting the crash performance of the 1,800-
lb car v rsu the 2,250-lb car. To complicate the problem, 
many of the previous te ls included cars of weights other than 
2,250 lb, various impact speeds, different crush characteris
tics, and test matrices with multiple posts as well as single
post sign systems. 

A rationale that can be used to predict impact performance 
for sign installations that have been tested previously with a 
different size and class of vehicles is presented. In spite of 
the variability in test parameters, it appears that an energy 
formulation will provide estimates, ncit only for the current 
standard, but also for any future vehicle weights or impact 
speeds. The estimated changes in velocity will be useful for 
recertification of existing sign systems as well as for extrap
olation between single- and multiple-post systems. If addi
tional tests are required, the estimated changes in velocity 
will indicate which tests are critical, thereby allowing for the 
possibility of fewer certification tests. 

DATA COLLECTION 

This study began with a compilation of recent crash test data 
to try to validate some of the small-sign supports currently 
used by the Texas State Department of Highways and Public 
Transportation. It soon became obvious that the data that 
could be classified as recent were limited in quantity. There
fore, the data search was expanded to include all previous 
crash tests for which the sign installation was well defined and 
the vehicle weight, impact speed, and change in velocity were 
accurately known. The data collected are given in Table 1 
(5 -12) by sign classification. 
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TABLE 1 CRASH DATA 

Test Vehicle Impact Change Change1 Change 
Number Weight Velocity Velocity Momentum Kin. Energy 

(lb) (mph) (ft/s) (lb-sec) (ft-lb) 

3 lb/ft U - Post Ground Splice (Rail Steel Post) 
3491-1 2250 22.7 2. 7 190 6070 
3491-2 2250 59.6 2.5 179 15420 
3491-3 2250 17.2 5.2 368 8323 
3491-4 2250 16 .6 5.1 358 7807 

3 lb/ft U - Post High Splice (JOO ksi) 
-Single Post 

7024-7 1800 60.5 3. 1 169 14740 
7024-8 1800 1q.q 6. 0 339 8866 

Three Posts 
7024-9 1800 59. 3 10 .6 197 16067 
7024-10 1800 19.4 23 .9 445 7348 

3 lb/ ft U - Post High Splice (80 ksi) 
Three Posts 

7024-16 1800 20.0 27. 9 511 7983 
7024-17 1800 62.0 18 .9 353 28732 
7024-18 1800 19.5 24. 9 465 7496 
7024-21 1800 61. 5 22 . 9 412 32585 

Two Posts 
7024-22 1800 20 .0 9. 4 267 6557 
7024-23 1800 62.8 11.7 334 28768 

3 lb/ft u - Post Ground Splice (Three High Carbon Billet Post) 
7024-26 1800 21.7 12 .6 235 5998 
7024-27 1800 61.6 9.1 169 14530 

4 lb/ft U - Post High Splice (High Carbon Billet Post) 
-Two Posts 

7024-11 1800 20.2 12.5 327 7766 
7024-12 1800 60.9 10 .3 295 24753 

-Single Post 
4 lb/ft U - Post Ground Splice (Three Rai 1 Steel Post) 
7024-24 1800 20.6 28.0 522 8460 
7024-25 1800 62.6 13 . 2 246 20962 

8 lb/ft U - Post 

1817-4 3500 37 16 .6 1810 30664 
1817-25 3600 31. 5 16.9 1890 71343 
1817-29 3550 24 15.4 1700 46733 
1817-31 3900 36 14 . 9 1810 82043 
2466-1 4100 29.3 9.3 1180 45241 
2466-2 4100 43.7 12 .6 1610 93011 
2466-3 4400 43.9 12.4 1700 98883 
2466-4 4400 30.4 15.0 2050 76025 
2466-5 3880 45.8 14 .8 1780 106421 
2466-6 3750 49.5 13.5 1570 103399 
2466-7 3850 31. 7 16.7 2000 76259 
2466-8 3850 45.6 18.1 2170 125438 
2466-9 3800 47 .8 15.0 1770 110815 
2 - 1/2 inch Pipe w/Frangible Connector 

3254-14 2250 20.3 11.4 802 19316 
3254-15 2250 63.3 5.4 379 34167 
3254-16 2250 19.2 9.1 638 15079 
0941-3 2270 29.2 7 .3 514 20139 

2 x 2 inch Square Perforated Steel Tube 
-Single Post 

7024-3 1800 20.0 3.5 193 5328 
7024-4 1800 56 .8 8.5 468 37028 

-Two Posts 

7024-5 1800 19.7 20.7 575 10699 
7024-19 1800 18.9 14. 7 413 0391 
7024-20 1800 57.5 17 .9 503 37860 

-Three Posts 
7024-6 1800 59.3 26.3 486 35951 
3 inch Pipe on Triangular Slip Base 

0941-1 2270 60.8 5. 5 386 33364 
0941-4 2270 45.4 3.0 209 13637 
S-8 3970 46.0 I. I 136 9100 
S-18 4170 31.3 1.3 168 7603 

1NOTE: All values for Change in Mnm~nt.um or Kinetic Energy are 
given for a single post and obtained by linear interpolation. 
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Each crash test supplied the following three data points: 

1. M 1, the vehicle mass; 
2. V1, the impact velocity; and 
3. '1V1, the change in velocity. 

The direct comparison of the changes in velocity for a par
ticular sign installation type showed no apparent trend. The 
only g nera l tend ncy was a decrease in the change in velocity 
for a corresponding increase in impact velocity. T hese data 
confirmed the observation that the actual failure mechanism 
varied for different impact speeds. At this point two different 
methods, the con ervation of energy and Lhc principle of impulse 
and momentum, were incorporated to further reduce the data 
to find a relationship that overrides the physical differences. 

DATA REDUCTION 

In review, the mass (weight) of the vehicle, impact speed, 
and change in velocity ('1 V) during impact we re all known 
for specific tests. However , the challenge was to predict the 
change in velocity for a vehicle Qf any mass, M7, striking at 
any velocity, vr, in a future impact. 

The first approach was to use the principle of impulse and 
momentum, which can be expressed as 

(M1)V1 + (M2)V2 - J F dt = (M,)V; + (M2)V~ 
where 

M 1 = mass of automobile, 
M 2 == mass of sign system, 
V# = initial velocity (V;), 
V~ == final velocity (V1), and 

f F dt == impulse or impact force. 

Assuming that M 2 is negligible compared with M 1 gives the 
following: 

or 

f F dt == (McAR) * (6 V) == change in momentum (1) 

This is the formulation used to calculate change in momentum 
from the '1 V supplied from the crash tests. 

Then, for a known change in momentum with a new car 
mass or a new impact velocity, or both , the equation can be 
written: 

(Mi)(Vt) - J F dt 

or 

V1 = (l!M:)[(Mi)V; - J F dt] (2) 

This is the formulation that is used to predict final velocity 
and change in velocity for a sign sy lem with a known change 
in momentum . 

The next approach was to enforce conservation of energy. 
The total energy is expressed as the sum of the kinetic energy 
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(T) and the potential energy (V). Energy is conserved when 
the change in the total energy of a system, represented by 
the prefix fl, is equal to zero. This can be stated as flT + 
6 V~ + fl V, = 0. Note that the change in potential energy i. 
subdivided into gravitational and e lastic potential, designated 
by the subscripts g and e, respectively. 

Again , assuming that the mass of the sign system is negli
gible compared with the automobile's mass greatly simplifies 
the energy expression. The only term contributing an appre
ciable amount is the change in kinetic energy of the car. This 
term is written 

L'lT = 1/2 (McAR) [VJ - Vf] = L'lKE (3) 

This equation is used to calculate the change in kinetic energy 
(llKE) from the crash test data. 

Then, for a known change in kinetic energy with a new car 
mass or a new impact velocity, the equation can be written 

(4) 

Therefore, if the change in kinetic energy is known for a 
particular sign system, the car's final velocity and its change 
in velocity can be predicted. 

As noted in the footnote to Table 1, many of the tests 
involved multiple-post installations. Once the change in 
momentum or kinetic energy was calculated, the values were 
divided by the corresponding number of posts to obtain an 
extrapolated value for a single-post installation. 

MOMENTUM VERSUS KINETIC ENERGY 

Basic engineering mechanics provides two equations that 
can be used to predict the vehicle's final velocity . The ques
tions remain as to what values for the change in either 
momentum or kinetic energy to use and whether either 
equation is appropriate. 
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Noting the previous trend (that the AV seemed to vary with 
impact velocity), the changes in both momentum and kinetic 
energy were plotted versus velocity. To find a general trend 
for all breakaway systems, all the data points were combined 
as indicated in Figures 1 and 2. The plot using momentum 
showed too much scatter to detect any general trend. On the 
other hand, the plot using kinetic energy did indicate a gen
erally increasing trend . To qualify this trend a least-squares 
fit for a line was done. The corresponding equation and line 
are indicated in Figure 2. 

The comparison between the two approaches was then nar
rowed to a single class of small-sign support system, the 3-lb/ 
ft U-post that uses breakaway mechanisms. Again a least
squares fit was done (see Figure 3). The data suggest that a 
linear fit is reasonable, but momentum was plotted in Figure 
4 as a check. After these two comparisons, it was decided 
that the best approach would be to use kinetic energy to 
predict the change in velocity. Although this model neglects 
many variables (vehicle crush , etc.), when limited to systems 
with similar strength and breakaway characteristics it shows 
good correlation with experimental data. 

The 3-lb/ft nonbreakaway U-posts (Figure 5) and the sets 
of 4-lb/ft U-posts (Figures 6 and 7) exhibit similar linear 
behavior. It was noted that the line for the nonbreakaway 
systems was generally steeper than for the breakaway systems. 
The greater slope corresponded to the greater stiffness of the 
nonbreakaway systems. 

During the data search, many data points were found for 
8-lb/ft U-post systems. The data were plotted in Figure 8 
because of the number of data points and the variety of impact 
speeds even though this system is no longer used. Figure 8 
clearly illustrates the linear relationship between impact velocity 
and change in kinetic energy. Two additional graphs are 
included with linear relationships. The 21/2-in. pipe with fran
gible connectors, Figure 9, and the 2-in. x 2-in. square per
forated steel tube, Figure 10, exhibit good approximations to 
linear relationships. 

One other system, a 3-in. pipe on a triangular slip base, is 
shown in Figure 11. This is certainly a breakaway system, but 
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FIGURE 1 Breakaway connections-change in momentum versus velocity. 
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FIGURE 3 Breakaway steel U-post (3 lb/ft)-change in kinetic energy versus 
velocity. 

it differs from all the others considered in its failure mecha
nism. This system uses friction to facilitate breakaway. Such 
a difference could mean that the relationship between velocity 
and change in kinetic energy is not linear but perhaps cubic, 
as indicated in Figure 12. Considering the limited number of 
Jata points available, it would be inappropriate to use any 
"recommended" best-fit curve for this system. 

The diamond data points were not used in obtaining the 
best-fit curves shown in Figures 6, 7, 9, 11, and 12. 

PREDICTING CHANGE IN VELOCITY 

Although many factors (such as vehicle crush , post impact 
stability, size of sign, mounting height, variability in material 

properties, etc.) influence the behavior of breakaway sign
support systems, the significant feature is the change in kinetic 
energy of the vehicle. It is a great simplification to ignore all 
other effects, and these analyses indicate good agreement with 
experimental data. 

The least- quares fit of the data (square data points only) 
shown on each of the graphs now provides a value for the 
change in kinetic energy for any impact velocity . One would 
expect the curves to tend toward zero, as is the case for all 
curve presented . H wever, these curves are valid only for 
y tems (and impact speeds) for which a breakaway will occur. 

Obviously, as the impact speed decreases, at some point there 
will not be enough energy for a breakaway to occur. This 
information, taken from previous crash tests, can then be used 
to estimate the final velocity of a car of any mass and any 
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FIGURE 4 Breakaway steel U-post (3 lb/ft)-change in momentum versus velocity. 
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FIGURE 5 Nonbreakaway steel U-post (3 lb/ft)-change in kinetic energy versus 
velocity. 

impact velocity from Equation 4. The difference between the 
final and inilial velocities is the change in velocity of the 
vehicle during impact provided that a breakaway of the sign 
support does indeed occur. 

T hi approach can be extended from a single post to mul
tiple posts by assuming linear interpolation. That is , the l:lKE 
taken from the graph is simply multiplied by the number of 
posts. The product is then substituted into Equation 4 for 
l:lKE. 

ACCURACY OF PREDICTIONS 

This research predated the FHWA's design standards (23 CFR 
625) , so as part of a Texas project , additional crash tests (12 ) 

were required to certify several small-sign supports. This proj
ect also provided an excellent opportunity to check the validity 
of the assumptions on change in kinetic energy (none of these 
new tests were included in the curve fits). First a 40-ft2 sign 
supported by three 4-lb/ft rail steel U-post (Tests 3 and 4) 
was tested at 20 and 60 mph . Table 2 compares the a tual 
change in velocity with the values predicted using rhe prin
ciples pre e nted he rein . T he value for !:!..KE were calculated 
directly fron~ the least- quares equation in Figure 7 fo r 4-lb 
nonbreakaway posts . This system was classified as nonbreak
away because large soil deformations prevented actuation of 
the bolted splice. Also , values for the single po Lin th "actual" 
column were extrapolated using linear interpolation. 

The model was not able to predict a specific value for the 
change in velocity for three posts at an impact speed of 20 
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FIGURE 6 Breakaway steel U-post (4 lb/ft)-change in kinetic energy versus 
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FIGURE 7 Nonbreakaway steel U-post (4 lb/ft)-change in kinetic energy versus 
velocity. 

mph. This problem occurred because the calrnlaleu change 
in velocity was greater than the initial velocity. Therefore, 
our calculations agreed well with the first set of tests . 

The next set of tests involved two 4-lb/ft U-posts with ground 
splices (Tests 6 and 7) . The changes in kinetic energy were 
calculated from the line fit in Figure 6 and the changes in 
velocity listed in Table 2. Again there is good correlation (less 
than 10 percent difference) between the predictions and the 
actual values . 

Tests 8 and 9 involved single 21/z-in. standard steel pipe in 
a threaded coupler. Figure 9 provided the equation to predict 

the changes in kinetic energy. The comparison indicates that 
the calculated values do not agree very well with the actual 
values (see also Table 2). However, an upper bound estimate 
can be calculated from the scatter in the data. The largest 
vertical error between the crash test data and the "best-fit" 
line was used to construct a parallel offset line that provides 
a much better estimate. 

The final set of tests, 10 and 11, involved a 3-in. pipe tree 
mounted on a triangular slip base. The changes in velocity 
were calculated using the linear and the cubic fits from Figures 
11 and 12, iespeclively . As originally thought, the linear fit 
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FIGURE 9 Breakaway 2112-in. standard steel pipe-change in kinetic energy versus 
velocity. 

did not come close to predicting the car's performance even 
with an offset. However, the data supported the third-order 
fit much more closely. The low-speed prediction came within 
about 3 percent of the actual change in velocity. The high
speed prediction with only one previous data point estimated 
the change in velocity to within 19 percent. 

CONCLUSIONS 

The technique presented provides a method for predicting 
vehicle performance from existing crash data. It appears that 

the change in kinetic energy during impact, for specific sign 
systems, follows a consistent trend compared with the impact 
velocity regardless of vehicle size, sign mounting height, size 
of sign, and so forth. 

The relationship between kinetic energy and impact veloc
ity appears to be linear for most sign systems, breakaway or 
not. The 8-lb/ft U-post data demonstrate this trend for a wide 
range of intermediate impact speeds. This trend also is sup
ported by recent tests (12). When there are few data or large 
scatter in the data, the method may not provide reasonable 
predictions. In these cases, use of a parallel offset line should 
provide adequate estimates for determining the critical tests. 
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FIGURE 11 Change in kinetic energy versus velocity for 3-in. pipe on triangular 
slip base- linear relationship. 

In one such case, the predicted changes in velocity were high, 
and in fact when the system was tested it proved to be marginal. 

The one notable exception to the linear fit was the trian
gular slip base. This system, because of its unique failure 
mechanism, is more appropriately modeled by a cubic equa
tion of best fit. Including the new test data would certainly 
improve the predictions; however, use of the current cubic 
equation is not recommended. 

One key observation from the new tests is that breakaway 
systems that do not actuate should be included as nonbreak
away systems for analysis. Examples of this type of behavior 
may result from improper installation, excessive material 

strength, or large soil deformation. As data become available, 
this mt:lhuu uf analysis could be extended to weak-soil appli
cations and systems with characteristically large soil defor
mation. For now , it only applies to the existing crash test data 
base which, until recently, only included strong-soil tests. 

More tests would increase confidence in the estimates pro
vided using these energy calculations. However, a good deal 
of information already exists for many types of sign-support 
systems. The calculations of change in kinetic energy indicate 
that many systems have a large margin of safety (so that 
further testing should not be needed). For the systems that 
arc borderline, or for extending the allowablt: 11u111i>n uf posts, 
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FIGURE 12 Change in kinetic energy versus velocity for 3-in. pipe on triangular 
slip base-cubic relationship. 

TABLE 2 COMPARISON OF CHANGES IN VELOCITY 

No. of 
V; (mph) Posts 

Tests 3 and 4" 

20.27 3 
20.27 1 
61.67 3 
61.67 1 

Tests 6 and 7b 

18.89 2 
18.89 1 
60.46 2 
60.46 1 

Tests 8 and 9c 

20.58 
20.58 
61.03 
61.03 

Tests 10 and 11 • 

19.67 
19.67 
59.77 
59.77 

"Three nonbreakaway 4-lb/ft posts . 
hTwo breakaway 4-lb/ft posts. 

~ V (ft/sec) 

Actual Estimated 

33.25 >29.73 
5.37 5.46 

16.56 16.56 
5.16 5.16 

10.60 11.14 
4.68 4.88 
7 .96 8.74 
3.89 4.25 

16.16 10.65 
16.16 15.52d 
9.75 7.63 
9.75 8.37d 

5.87 3.271 
5.87 6.068 
8.07 4.881 
8.07 6.55• 

'Two and one-half in. pipe with threaded coupler, offset = 4,660 ft-lb . 
dWith offset. 
·Three-in. pipe on triangular slip base. 
!Linear. 
•Cubic. 

this method can at least identify the critical tests and possibly 
reduce the number of tests required. 
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Crash Test of Modified Texas C202 
Bridge Rail 
T. J. HIRSCH AND PERRY ROMERE 

In 1980 a standard Texas traffic rail, C202, was modified to increase 
its height and strength to re train and redirect an 80,000-lb (36 300-
kg van· type tractor-trailer under 50-mph (80.5-km/hr). :1 S-clegr e
angle impacts. Th oncretc p:u;1pet height was increased to 36 
in . (91 cm), and an elliptical steel rail wo mounted on tccl post 
to inc rea. e the rail height to 54 in . (1'.17 cm . In 1980 one crash 
test was conducted on the bridge rail. The truck was restrained 
and smoothly redirected. This pr mi ing high-performance bridge 
rail was not t steel at that time with passenger cars. The results 
of two successful crash tests with a 1,918-lb (871-kg) car traveling 
at 61.3 mph (98.6 km/hr) ·triking at a 21-degree angle and with 
a 4,400-lb (1998-kg) car trnveling at 59.4 mph (95.6 km/hr) 
striking at a 25.9-degree angle are presented . 

The bridge rail tested was selected and designed to restrain 
and redirect an 80,000-lb (36 287-kg) van-type tractor-trailer 
in 1980 (1,2). The design was based on procedures and test 
data presented by Hirsch (3) and Buth ( 4). 

The rail was a modification of the concrete parapet, Texas 
traffic rail type C202. The modified C202 rail consisted of a 
concrete beam element 13 in. (33 cm) wide and 23 in. (58 
cm) deep, mounted 36 in. (91 cm) high on concrete posts 
located at 10-ft (3-m) center-to-center spacing. The posts were 
concrete walls 7 in . (19 cm) thick x 5 ft (1.5 m) long with 5-
ft (1.5-m) openings. The beam element contained consider
able reinforcing steel and provides flexibility, thus minimizing 
cracking of the concrete when struck by heavy vehicles. The 
modified C202 concrete parapet can be placed in lengths that 
give good structural continuity and strength. 

To increase the effective height of this bridge rail, another 
standard Texas steel rail, designated C4, was mounted on top 
of the concrete rail. The bridge deck strength was also increased 
to minimize cracking or damage when the bridge rail is strnck 
by a heavy vehicle. 

Research Report 230-4F (J) and Hirsch (2) presented the 
results of a crash test on this bridge rail that successfully redi
rected an 80,000-lb (36 287-kg) tractor-trailer traveling at nom
inally 50 mph (80 km/hr) and striking at a 15-degree angle. In 
addition to successfully redirecting the tractor-trailer, the mod
ified C202 bridge rail with the C4 metal rail on top must also 
redirect a 1,800-lb (810-kg) automobile and a 4,500-lb (2025-
kg) automobile in order to meet all of the requirements set forth 
in NCHRP Report 230 (5). 

Texas Transportation Ir.stitute, Texas A&M University System, College 
Station, Tex. 77843-3135 . 

DESCRIPTION OF BRIDGE RAIL AND DECK 
MODIFICATIONS 

Drawings of this rail are shown in Figures 1 and 2. Figure 3 
contains photographs comparing the size of the combination 
bridge rail with the truck used in previous crash tests (1,2). 

The strength of the standard Texas bridge deck 7.5 in. (19 
cm) thick was increased by the addition of welded wire fabric 
centered under each post and along the deck steel to within 
1 in. (2.5 cm) of the edge of the slab. A drawing of the welded 
wire fabric is shown in Figure 4. The deformed wire has a 
minimum yield strength of 70 ksi (48.3 kN/cm2

), and the smooth 
wire has a minimum yield strength of 65 ksi (44.9 kN/cm2). 

The concrete post was 13 in. (33 cm) high x 7 in. (17 .8 
cm) thick x 60 in. (152 cm) long with a 60-in. (152-cm) open 
space between each post. Each concrete post was anchored 
to the bridge deck by means of 13 No. 4 bars (traffic side) 
and 5 No. 4 bars (field side). The 13 No . 4 bars contained an 
8-in. (20-cm) lap splice on top of the bridge deck that was 
intended as a breakaway connection. 

The concrete rail on top of the post was 13 in . (33 cm) thick 
x 23 in. (58 cm) high for the entire length of the rail. It 
contained two sections of square spiral, as shown, with 10 
No. 8 bars along the length of the rail. The twin spirals were 
used instead of a single spiral because the square spiral was 
available from a producer of Texas standard prestressed square 
piling that requires this type of spiral. 

The steel rail on top of the modified C202 concrete rail was 
the Texas standard C4 steel rail. It was made from standard 
steel pipe 6 in. (15 cm) in diameter (ASTM A53 Grade B) 
shaped into an 8-in. x 47/s-in. (20-cm x 12.4-cm) ellipse and 
welded to a post and base plate made of 1-in. (2.54-cm) steel 
plates. This post was anchored to the concrete rail by means 
of four A325 bolts% in. in diameter and 15 in. (38 cm) long. 
A high-cast steel conical washer was installed under each bolt 
nut. These washers were evidently the standard being supplied 
by the fabricator for this type of Texas bridge rail. The stan
dard drawing indicates that only washers are to be supplied. 

All steel bars in the concrete post and rail were grade 60, 
including the bent bars that anchor the post to the deck . The 
deck steel bars were grade 40. The concrete for the deck, 
post, and rail was such that its strength was 3,000 psi (2.068 
kN/cm2) at the time of the test. 

HONDA CRASH TEST (TEST 1179-1) 

This bridge rail was crash-tested with a 1979 Honda Civic 
weighing 1,750 lb (795 kg) but with a gross weight of 1,918 
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FIGURE 3 Comparison of 80,000-lb truck with modified combination rail. 
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FIGURE 5 Vehicle before and after Test 1179-1. 

lb (871 kg) including a dummy. Photographs of the Honda 
before and after the test are presented in Figure 5. 

The Honda struck the rail at 61.3 mph (98.6 km/hr) at a 
21-dcgree angle. The impact occurred 7.0 ft upstream of Post 
11 and was smoothly redirected. The exit angle of the Honda 
was only 0.6 degrees, and the car would have remained on 
the right-hand shoulder and not reentered the traffic lanes. 
Figure 6 . how the bridge rail and tes t site immediately arrer 
Tesr 1179-1. The Honda su taioed damage to the right front 
and right ide. The right front tire came in contact with Post 
11, which can be seen in Figure 6. This contact caused some 
damage to the front right wheel and suspension; however, the 
wheel was still rolling after impact. An anthropomorphic dummy 
was placed in the driver's seat for this test. A tu11mary of the 
crash test data is shown in Figure 7. 

The Honda was equipped with roll, pitch, and yaw rate 
gyros, an x, y, and z accelerometer group on the floorboard 
14.2 in. in front of the center of gravity , and an x a.nd y 
accelerometer group 50.8 in. behind tbe c1::11li:1 of gravity. 
Grapbs of the fi ltered data from thi instrumenlation are pre-
ented in Figure 8 which shows a plot of the maxinmm 0.050-

sec average accelerations along the vehicle length at 0.050 sec 
after impact. This is when the maximum lateral vehicle 
acceleration at the center of gravity occurred. 

The vehicle and barrier met all of the evaluation criteria 
required by NCH RP Report 230 (5) and the Guide Specifications 
for Bridge Railings (6). 
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FIGURE 6 Bridge rail after Test 1179-1. 

CADILLAC CRASH TEST (TEST 1179-2) 

Thi bridge rail was crash-tested with a 1979 adillac weighing 
4,400 lb (1998 kg). Photographs of the adillac before and 
after the test are presented in Figures 9 and 10. 

The Cadillac struck the rail at 59.4 mph (95.6 km/hr) and 
at a 25.9-degree angle. Impact occurred 7.5 ft upstream of 
Post 11 and was smoothly redirected. Figure 11 shows the 
bridge rail and test site immediately after Test 1179-2. The 
Cadillac sustained damage to the right front and right side. 
The right front tire made light contact with concrete Post 11 
and the hood cam in contact with the metal post directly 
above concrete Post 11, as shown in Figure 12. This contact 
caused slight damage to the front right tire and suspension; 
however, the wheel was still rolling after contact. Severe dam
age to the hood resulted when it struck the steel post. The 
impact cracked the right front windshield, which is shown in 
Figure 10. The hood pushed the windshield inward several 
inches but did not penetrate the passenger compartment. A 
summary of the crash data is shown in Figure 13. 

The Cadillac was equipped with roll, pitch, and yaw rate 
gyros, an x, y, and z accelerometer group on the floorboard 
16.2 in. in front of the center of gravity, and an x and y 
accelerometer group 104.8 in. behind the center of gravity. 
Graphs of the filtered data from this instrumentation are pre-
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Vehicle Damage Classification 
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FIGURE 7 Summary of results for Test 1179-1. 
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HGURE 9 Vehicle before Test 1179-2, 

FIGURE 10 Vehicle after Test 1179-2. 
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FIGURE 11 Bridge rail after Test 1179-2. 

sented in Figure 14, which shows a plot of the maximum 0.050-
sec average accelerations along the vehicle length at 0.075 sec 
after impact. This is when the maximum lateral vehicle 
acceleration at the center of gravity occurred. 

The vehicle and barrier met all of the safety evaluation 
criteria required by NCHRP Report 230 (5) and the Guide 
Specifications for Bridge Railings (6). 

DISCUSSION OF RESULTS 

The Honda Civic test was NCHRP Report 230 Test S13 and 
the Cadillac test was Test 10. For a beam-and-post system, 
NCHRP Report 230 calls for the impact point to be at mid
span for both tests. However, to determine if the front wheel 
or hood will contact the posts, NCffRP Rqwrt 23() suggests 
using a more vulnerable impact location. This was done in 
the two tests. The impact point was moved 2.0 fl and 2.5 ft, 
respectively, further upstream of the midspan location and 
the critical post. 

The Honda Civic struck 4.5 ft upstream of the leading edge 
of the concrete post, and the wheel did contact the post. The 
damage to the wheel and suspension was moderate, but the 
wheel was still rolling after impact. The vehicle trajectory was 
excellent with a departure angle of only 0.6 degree, and the 
vehicle would not have returned to the traffic lanes. This test 
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FIGURE 12 Damage to upper and lower Post 11 after Test 
1179-2. 

was successful and met the evaluation criteria of NCHRP 
Report 230. 

The adillac struck 5 ft upstream of the leading edge of 
the concrete post and 7 ft upstream of the leading edge of the 
steel po t. The adillac wheel did not contact the concrete 
po I' and the damage to the whee l and suspension was mod
erate. The whe I was still rolling after impact , and the vehicle 
trajectory was good with a departure angle of only 2.0 degree . 
The hood contacted the ste I post and wa severely damaged. 
The hood pushed the right front windshield inward several 
inches but it did n-Jt intrude into the passenger compartment. 
Consequently, the Cadillac test was judged successful. 

Late-model vehicles in the 4,500-lb class are difficult to 
obtain. The car used was a 1979 model with a large hood that 
protruded 16 in. over the top of the concrete parapet. Similar 
vehicles (1977 Plymouths) used in test r ported el ewhere 
{7) had hood that protruded 14 in . (Test OBR-2) and 12 in. 
(Te t N BR-2) ver the bridge rails. uch v hicles are DOt 
representative of modern passenger cars, which have much 
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smaller and differently shaped hoods . The older passenger 
car hoods extended to within 1 or 2 in. of the outside edge 
of the car. Modern, smaller hoods terminate 6 to 8 in. inside 
the outside car edge and are usually shielded by the fenders. 
A classic example of this is the 1,800-lb Honda Civic used in 
NCHRP Report 230 Test S13 (see Figure 6 of NCHRP Report 
230). Contact between hood and posts has never been observed 
in tests with this vehicle . 

NCHRP Report 230 recommends that the impact position 
be midway between the posts for longitudinal barriers. In this 
study the impact positions were selected to be as severe as 
possible. This was done in order to provide test data on railing 
geometrics that would help refine the geometrics design 
guidelines presented by AASHTO ( 6). 

Other crash test agencies have almost never moved the 
impact point far enough upstream of the leading edge of the 
posts to permit maximum underride of the wheel or override 
of the hood to achieve this level of interaction (7). The vehicle 
and barrier met the evaluation criteria required by NCHRP 
Report 230. 

SUMMARY AND CONCLUSIONS 

A standard Texas traffic rail, C202, was modified by increas
ing its height and strengthened so that it could restrain and 
redirect an 80,000-lb truck. The modified C202 rail consisted 
of a concrete beam element 13 in . (33 cm) wide and 23 in. 
(58 cm) deep, mounted 36 in. (91 cm) high on concrete posts 
located at 10-ft (3.0-m) center-to-center spacing. The posts 
were concrete walls 7 in. (19 cm) thick x 5 ft (1.5 m) long 
with 5-ft (1.5-m) openings between each post . To increase the 
effective height of the bridge rail, a standard C4 steel rail was 
mounted on top of the concrete rail. 

As reported in Research Report 230-4F (J) and Hirsch (2), 
a crash test was conducted on this bridge rail with a 79 ,770-
lb (36184-kg) tractor-trailer striking the rail at 49.1 mph (79.0 
km/hr) at a 15-degree angle. The vehicle was smoothly 
redirected. Damage to the truck and rail was moderate. 

This high-performance bridge rail has now been successfully 
crash-tested with a 1,918-lb car traveling at 61.3 mph and 
striking at a 21-degree angle and also with a 4,400-lb car 
traveling at 59.4 mph and striking at a 25.9-degree angle. The 
results of both tests met the evaluation criteria in NCHRP 
Report 230. The test with the Cadillac sedan was more critical 
than a test with a 5,400-lb pickup truck traveling at 60 mph 
and striking at an angle of 20 degrees. Therefore, the barrier 
is also considered to meet the requirements for Performance 
Level 3 in the new AASHTO Guide Specifications for Bridge 
Railings (6) . 

For new construction, consideration should be given to 
forming a 2-in. chamfer on the traffic side edge of the post. 
This will further reduce the potential for wheels snagging on 
the posts. 
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FIGURE 13 Summary of results for Test 1179-2. 
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Performance Level 2 Bridge Railings 

C. E. BUTH, T. J. HIRSCH, A.ND C. F. McDEVITT 

The highwa~ profe~~ion is in the. pr,o;~:s ,of ~pgra?ing perfo~
mance of bndge ra1lmg systems. u1 i:Jo'.I toe Amt:ncan Associ
ation of State Highway and Transportation Officials adopted the 
Guide Specifications for Bridge Railings. That document addresses 
bridge railing systems for three levels of performance. Proof of 
performance should be demonstrated by full-scale crash tests set 
forth in that guide, and there is a general trend toward full-scale 
crash testing of new highway safety hardware in the highway 
industry. Performance level selection procedures included in the 
guide indicate that a performance level 2 (PL 2) railing is needed 
on many new bridge structmes. This level has a strength test with 
an 18,000-lb single-unit truck striking the railing at 50 mph and 
at a 15-degree angle. The specified height of the center of gravity 
of the test truck is 49 in. Other tests with smaller vehicles are 
also required of a PL 2 railing. Four railing designs have been 
tested in a continuing pooled-funds study involving 23 states, the 
District of Columbia, and the Federal Highway Administration. 
The railings included one steel beam-and-post design and three 
concrete parapet designs. Performance of these railings in full
scale tests indicates that they are all acceptable for PL 2 of the 
1989 guide specifications. All railings were sufficiently strong that 
no structural distress was observed except in the bolted rail-to
post connections in the metal railing. In all tests except one, 
vehicles were contained and redirected with reasonably good sta
bility in roll and tracking with small exit angles and acceptable 
collision severity values. The exception was the 18,000-lb truck 
test on the New Jersey safety shape concrete parapet. In this test 
the vehicle finally rolled onto its side (away from the railing). 
This is considered acceptable behavior. 

The Federal Highway Administration (FHWA), the Ameri
can Association of State Highway and Transportation Offi
cials (AASHTO), the National Cooperative Highway Research 
Program (NCHRP), and individual states have had a contin
uing research program on bridge railing systems including 
warrants, designs, testing, and evaluation of performance. In 
1989 AASHTO adopted the Guide Specifications for Bridge 
Railings (1). This document brought together many results of 
recently completed and continuing research studies in a form 
ready for implementation by practicing highway designers. 

A major pooled-funds project to study bridge railings and 
transitions was begun in August 1986. The project is spon
sored by FHW A, the District of Columbia, and 23 states. The 
purpose of the study is to develop and prove, through full
scale crash tests, a collection of railing designs that would 
meet the needs of many of the states. Railings of different 
styles and various materials are to be developed so that the 
needs in the various climates will be best served by selections 
from the collection of satisfactory designs. Also, railing designs 
are to be developed for the various performance levels that 
are needed for different facilities and traffic conditions. 

C. E. Buth and T. J. Hirsch, Texas Transportation Institute, Texas 
A&M University System, College Station, Tex. 77843-3135. C. F. 
McDevitt, Safety Design Division, Federal Highway Administration, 
6300 Georgetown Pike, McLean, Va. 22101. 

The recently adopted Guide Specifications for Bridge Rail
ings includes three performance levels. These levels are defined 
by full-scale crash test conditions and performance evaluation 
criteria. The guide also recommends a procedure for deter
mining which performance level is appropriate for a given 
facility and traffic condition. This procedure appears to indi
cate that a performance level 2 (PL 2) railing would be needed 
on many new and replacement bridges. As seen in Table 1, 
PL 2 requires a strength test with an 18,000-lb single-unit truck 
striking at 50 mph and at a 15-degree angle. 

This paper presents the results of work performed to develop 
and test four railing designs to meet PL 2 requirements. 

DESIGN CONSIDERATIONS 

Some of the early work performed under the pooled-funds 
bridge rail study was devoted to consideration of test vehicles 
and impact conditions that would be appropriate for perfor
mance levels for bridge railings. This involved study of the 
collision forces generated by the various vehicles at differing 
impact speeds and angles and the required railing heights to 
provide acceptable containment and redirection of the vehi
cles. Much of the input information for this task was taken 
from two earlier studies wherein full-scale collisions were per
formed on an instrumented concrete wall (2 ,3). This and other 
FHWA in-house work finally resulted in definition of the 
performance levels shown in Table 1. 

Data from these earlier studies indicated that the longtime 
standard test with a 4,500-lb automobile striking at 60 mph 
and at a 25-degree angle generated a maximum 0.050-sec 
average impact force of approximately 56 to 60 kips (two 
separate tests) at a height above the surface of approximately 
20 in. This height was measured on the flat-faced, vertical, 
rigid wall, and it is not necessary to provide a resisting force 
at that height in order to prevent rollover of the vehicle. A 
resisting force at a somewhat lower height is adequate because 
the weight of the vehicle itself resists rollover. Tests with a 
20,000-lb school bus striking a 42-in.-high instrumented wall 
at 58 mph and 16 degrees produced a maximum 0.050-sec 
average impact force of approximately 74 kips at a height of 
approximately 23 in. Tests with an 18,000-lb single-unit truck 
striking a 90-in.-high instrumented wall at 51.6 mph and 16.8 
degrees produced a maximum 0.050-sec average impact force 
of approximately 90 kips at a height of 47 in. above the road 
surface. If this PL 2 truck had struck a 42-in.-high wall, the 
estimated impact force would be reduced to about 62 kips. 
Because the truck cargo box had a 50-in.-high clearance above 
the roadway, the impact force would only be distributed over 
the 42-in. tire diameter. This force with a load factor of 1.0 
has been used in designing bridge railings for vehicle impacts. 



TABLE 1 PERFORMANCE LEVELS FOR BRIDGE RAILINGS 

TEST SPEEDS-mph 12 

TEST VEHICLE DESCRIPTIONS AND IMPACT ANGLES 

Medium 
Small Pickup Single-Unit Van-Type 

Automobile Truck Truck Tractor-Trailer• 

W = 1.8 Kips W = 5.4 Kips W = 18.0 Kips W = 50.0 Kips 
A= 5.4' ± 0.1 ' A= 8.5' ± 0.1' A = 12.8' ± 0.2' A = 12.5' ± 0.5' 

PERFORMANCE LEVELS 8 = 5.5' 8 = 6.5' 8 = 7.5' 8 = 8.0' 

Hcg = 20" ± 1" Hcg = 27" ± 1" Hcg = 49" ± 1" Heg = See Note 4 
9 = 20 deg. 9 = 20 deg. 9 = 15 deg. R = 0.61 ± 0.01 

9 = 15 deg. 

PL-1 50 45 

PL-2 60 60 50 

PL-3 60 60 50 

CRASH TEST 

EVALUATION Required a, b, c, d, g a, b, C, d a, b, c a, b, c 

CRITERIA3 Desirable" e, f, h e, f, g, h d, e, f, h d, e, f, h 

~: 
1. Except as noted, all full-scale tests shall be conducted and reported In accordance with the requirements 

in NCH RP Report NO. 230. In addition, the maximum loads that can be transmitted from the bridge railing 
to the bridge deck are to be determined from static force measurements or ultimate strength analysis and 
reported. 

2. Permissible tolerances on the test speeds and angles are as follows: 

Speed 
Angle 

·1.0 mph 
-1.0 deg. 

+2.5 mph 
+2.5 deg. 

Tests that Indicate acceptable railing performance but that exceed the allowable upper tolerances will be 
accepted. 

3. Criteria for evaluating bridge railing crash test results are as follows: 
a. The test article shall contain the vehicle; neither the vehicle nor its cargo shall penetrate or go over 

the Installation. Controlled lateral deflection of the test article Is acceptable. 
b. Detached elements, fragments, or other debris from the test article shall not penetrate or show 

potential for penetrating the passenger compartment or present undue hazard to other traffic. 
c. Integrity of the passenger compartment must be maintained with no intrusion and essentially no 

deformation. 
d. The vehicle shall remain upright during and after collision. 
e. The test article shall smoothly redirect the vehicle. A redirection is deemed smooth if the rear of the 

vehicle or, in the case of a combination vehicle, the rear of the tractor or trailer does not yaw more 
than 5 degrees away from the railing from time of impact until the vehicle separates from the railing. 

f. The smoothness of the vehicle-railing Interaction Is further assessed by the effective coefficient of 
friction, µ: 

0-0.25 
0.26-0.35 

>0.35 

Assessment 
Good 
Fair 
Marginal 

whereµ = (cos9 - Vp/V)/sin9 

g. The Impact velocity of a hypothetical front-seat passenger against the vehicle Interior, calculated from 
vehicle accelerations and 2.0-ft. longitudinal and 1.0-ft. lateral displacements, shall be less than: 

Occupant Impact Velocity- fps 
Longitudinal Lateral 

30 25 

and the vehicle highest 10-ms average accelerations subsequent to the Instant of hypothetical 
passenger Impact should be less than: 

Occupant Rldedown Acceleratlon--g's 
Longitudinal Lateral 

15 15 

h. Vehicle exit angle from the barrier shall not be more than 12 degrees. Within 100 ft. plus the length 
of the test vehicle from the point of initial Impact with the ralllng, the railing side of the vehicle shall 
move no more than 20-11. from the line of the traffic face of the railing. The brakes shall not be applied 
until the vehicle has traveled at least 100-ft. plus the length of the test vehicle from the point of initial 
impact. 

(continued on next page) 
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TABLE 1 (continued) 

4. Values A and R are estimated values describing the test vehicle and Its loading. Values A and R are 
described In the figure below and calculated as follows: 

MIN. LOAD+20.5 KIPS 
L1 =30"±1" 

A• Li+ W2L2 + W3(L'"LJ 
W1 + W2 + W3 

L2+.lf •169•±4• R,.. W1 + W1+ Wi 
w 

4 

-i I- 4.5' APPROX. (REAR MOST SETTING) W= w,+ WI+ W3+ w. +Ws 

TOTAL VEHICLE WEIGHT Hco(LOAD)-=92" APPROX. 
Hcc(TRAILER & LOAD)•79"±1" 

Hor:(TRACTOR, TRAILER & LOAD)=64"±2" 

5. Test articles that do not meet the desirable evaluatlon criteria shall have their performance evaluated by 
a designated authority that will decide whether the test article Is likely to meet its Intended use 
requirements. 

For metal beam-and-post railing systems, plastic mecha
nism analysis and design procedures with yield strengths of 
the materials were used. The applied load was assumed to be 
two line loads, each uniformly distributed along rail elements 
over a length of 42 in. The portion of load applied to each 
rail element was in the same ratio as its respective bending 
strength. Plastic hinges were assumed at the centers of the 
loads and at the ends of the rail element failure mechanisms. 
Plastic hinges were also assumed at the bases of all posts within 
the length of the failure mechanism. 

For concrete parapet railings, yield line theory with unre
duced ultimate strength bending moment capacities was used. 
The applied load was assumed to be a line load uniformly 
distributed along the top edge of the parapet over a 42-in. 
length of parapet. The failure pattern consisted of three yield 
lines extending from a point centered directly below the load 
and at the base of the parapet. One yield line extended ver
tically and the other two extended diagonally to the top edge 
of the parapet. 

FULL-SCALE CRASH TESTS 

Four railing designs for PL 2 have been tested and evaluated. 
They include 

• Illinois 2399-1 metal railing, 
• 32-in. vertical concrete parapet, 
• 32-in. F-shaped concrete parapet, and 
• 32-in. New Jersey safety shape concrete parapet. 

A summary of the tests performed is presented in Table 2. 

Illinois 2399-1 Metal Railing 

This railing design was adapted from an existing design used 
by Illinois as a retrofit railing. It could also be used in new 
construction. The design load used for this railing was a 56,000-
lb line load uniformly distributed over a 42-in. length of railing 
at 29 in. above the road surface. The posts used were W 6 

X 25 rolled shapes spaced at 6 ft 3 in. W 6 x 15 posts would 
have had sufficient strength, but Illinois Department of Trans
portation engineers chose to retain the W 6 x 25 shape for 
other considerations. Total geometric height of the railing on 
the 7-in. curb is 32 in. A cross section of this railing is shown 
in Figure 1, and the prototype test installation is shown in 
Figure 2. After final selection of member sizes, a strength 
analysis based on a plastic mechanism and yield strengths of 
the materials indicated an ultimate load for the expected fail
ure mechanism of approximately 80 kips, suggesting that the 
railing was somewhat overdesigned for strength. However, 
its height was marginal. 

Three full-scale crash tests were performed on a prototype 
railing: (a) an 1,800-lb automobile striking at 60 mph and 20 
degrees, (b) a 5 ,400-lb pickup truck striking at 65 mph and 
20 degrees, and (c) an 18,000-lb single-unit truck striking at 
50 mph and 15 degrees. The railing performed acceptably in 
all three tests. 

Tests 7069-1 (1795-lb Automobile, 58. 7 mph, 20.0 
degrees) 

The vehicle struck the railing midway between the sixth and 
seventh posts from the upstream end and was smoothly redi
rected. It was in contact with the railing for a distance of 9.7 
ft and exited 0.226 sec after impact at an angle of 5.2 degrees. 
The vehicle was stable throughout the collision and was 
tracking on loss of contact with the railing. 

Damage to the vehicle is shown in Figure 3. Maximum crush 
of the right front corner at bumper height was 8 in. There 
was no measurable movement or deformation of the railing. 

Data and other pertinent information from this test are 
summarized in Figure 4. The effective coefficient of friction 
was calculated to be 0.28. Occupant impact velocity was 16.9 
ft/sec in the longitudinal direction and 25.1 ft/sec in the lateral 
direction. The highest 0.010-sec occupant ridedown acceler
ations were -1.4 g (longitudinal) and 8.5 g (lateral). The 
maximum 0.050-sec average accelerations of the vehicle were 
-6.4 g (longitudinal) and 14.2 g (lateral). 

The barrier contained and smoothly redirected the vehicle 
with no lateral movement of the barrier. There were no detached 



TABLE 2 

Test 
Number 

2 

15 

5 

6 

16 

3 

4 

11 

14 

12 

FULL-SCALE CRASH TESTS 

V!;t!IQL.f 
Test 

Inertia 
Model Wt C!bS) 

1980 Honda Civic 1,975 
W.B. = 88in. 
1981 Chevrolet Pickup C-20 5,450 
W.B. = 132 in. 
1980 Ford 7000 SU Truck 12,320 
W.B. = 205 in. 
1981 Honda Civic 1,800 
W.B. = 88.7 in. 
1982 Chevrolet Pickup C-20 5,420 
W.B. = 132 in. 
1982 Ford 7000 SU Truck 13,820 
W.B. = 205 in. 
1980 Honda Civic 1,800 
W.B. = 88 in. 
1981 Chevrolet Pickup C-20 5,440 
W.B. = 132 in. 
1982 Ford 7000 SU Truck 11,000 
W.B. = 220 in. 
1981 Chevrolet Pickup C-20 5,390 
W.B. = 132 in. 
1982 GMC 7000 SU Truck 10,900 
W.B. = 203 in. 

8'x4'x5/16' 
steel tubing 

Top of existing 
or proposed 
wearing surface 

115 Longtt . 
Bars 

FIGURE 1 Illinois 2399-1 railing. 

Gross 
Static 

Wt (!bsl 

1,961 

5,797 

18,000 

1,965 

5,759 

18,000 

1,966 

5,780 

18,000 

5,724 

18,000 

6' 

IMPACT 
QQNDITIQf!!S 

Speed Angle Reiling 
(rophl Cdegl Design 

58.7 20.0 Ill. 2399-1 

63.6 19.2 Ill. 2399-1 

50.8 15.1 Ill. 2399-1 

60.5 21.0 32 in. Vertical Parapet 

59.7 20.2 32 in. Vertical Parapet 

50.0 14.0 32 in. Vertical Parapet 

60.1 21.4 32 in. F-shape 

65.4 20.4 32 in. F-shape 

52.1 14.8 32 in. F-shape 

57.7 20.6 32 in. New Jersey 

51.6 15.5 32 in. New Jersey 

spacing 

Fabric 
pad 

114 @ 
12' c/c 

Longlt. Bars 

@ 7.5' c/c 

I'll! H.S. threaded 
anchor rods 
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FIGURE 2 Prototype test installation of Illinois 2399-1 railing. FIGURE 3 Vehicle after Test 7069-1 (1,795 lb, 58.7 mph, 20.0 
degrees). 

0.000 s 

Test No. 
Date . 

0.058 s 

Test Installation 

Installation Length 
Vehicle 
Vehicle Weight 

7 069-1 
7114187 
Illinois 2399 
Bridge Rail 
100 ft (30 m) 
1980 Honda 

0.115 s 

Impact Speed. 58.7 mi/h (94.4 kmtn) 
Impact Angle. 20.0 deg 
Exit Speed. 48.5 mi/h (78.0 km/h) 
Exit Angle. 5.2 deg 
Vehicle Accelerations 

Test Inertia 
Gross Static 

Vehicle Damage 
TAO 

1,795 lb (815 kg) 
. 1,961 lb (890 kg) 

Classification 

(Max. 0.050-sec Avg) 
Longitudinal .. -6.4 g 
Lateral . 14.2 g 

Occupant Impact Velocity 
Longitudinal .. 16.9 ft/s (5.2 mis) 
Lateral . 25.1 ft/s (7.7 m/s) 

Occupant Ridedown Accelerations 
Longitudinal. -1.4 g 

01RFQ5 
CDC 

Illinois 2399 
Bridge Rail 

Maximum Vehicle Crush 
Maximum Dynamic Rail 

Oefl ect ion 

8.0 in (20.3 cm) 

Nil 
Lateral 8.5 g 

Maximum Permanent Rail 
Deformation 

FIGURE 4 Summary of results for Test 7069-1. 

None 

elements or debris . There was no intrusion into the occnp::int 
compartment. The vehicle trajectory at loss of contact indi
cated minimum intrusion into adjacent traffic lanes . The vehi
cle remained upright and stable during the entire collision. 
Performance of the railing was considered acceptable. 

Test 7069-2 (5,450-lb Pickup Truck, 63.6 mph, 19.2 
degrees) 

The vehicle struck the railing midway between the sixth and 
seventh posts from the upstream end and was smoothly redi-

rected. It was in contact with the railing for a distance of 14.5 
ft and contact ended 0.234 sec after impact. On loss of contact , 
the vehicle yaw angle was 1.0 degree and its trajectory was 
5.8 degrees relative to the railing. 

Exterior damage to the vehicle is shown in Figure 5. Both 
right side wheels and the front suspension were damaged. 
Also, the cab was twisted and the frame was permanently 
deformed . 

D amage to the railing is shown in Figure 6. Maximum 
dynamic deflection of the railing was 2.4 in . and maximum 
permanent deflection was 0.5 in. The front of the baseplate 
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FIGURE S Damage to vehicle in Test 7069-2 (S,450 lb, 63.6 
mph, 19.2 degrees). 

FIGURE 6 After-test photograph at railing in Test 7069-2. 

o.aoo s 

Illinois 2399 
Bridqe Rail 

0.074 s 

Test No. _ ... . 
Date ...... . 
Test Installation 

Installation Length 
Vehicle 

7069-2 
7124187 
Illinois 2399 
Bridge Rail 
100 ft (30 m) 
1981 Chevrolet 
Pickup 

Vehicle Weight 
Test Inertia 
Gross Static 

Vehicle Damage 
TAD 

5,450 lb (2,474 kg) 
5,797 lb (2,632 kg) 

Classification 

CDC 
Maximum Vehicle Crush 
Maximum Dynamic Rail 

Deflection ..... 
Maximum Permanent Rail 

Deformation 

01RD4 

5.0 in (12.7 cm) 

2 • 4 i n ( 6 . 1 cm) 

0.5 in (1.3 cm) 
FIGURE 7 Summary of results for Test 7069-2. 

0. 149 s 0.285 s 

Impact Speed. . 63.6 mi/h (102.3 km/h) 
Impact Angle. . 19 .2 deg 
Exit Speed. . . 57.6 mi/h (92.7 km/h) 
Exit Trajectory . 5.8 deg 
Vehicle Accelerations 

(Max. 0.050-sec Avg) 
Longitudinal .• -3.8 g 
Lateral .... 14.3 g 

Occupant Impact Velocity 
Longitudinal. . 8.5 ft/s (2.6 m/s) 
Lateral .... 24.6 ft/s (7.5 m/s) 

Occupant Ridedown Accelerations 
Longitudinal .. -1.1 g 
Lateral . . . . 12.8 g 

on Post 6 was pulled up slightly and the concrete was chipped 
around the bolts at the rear of the baseplate. 

data and other pertinent information from the test are 
summarized in Figure 7. 

The effective coefficient of friction was calculated to be 
0.03. Occupant impact velocity was 8.5 ft/sec in the longitu
dinal direction and 24.6 ft/sec in the lateral direction. The 
highest 0.010-sec occupant ridedown acceleration were - 1.1 
g (I ngirudinal) and 12.8 g (lateral). The maximum 0.050-sec 
averages were - 3.8 g (longitudinal) and 14.3 g (lateral). These 

The barrier contained and smoothly redirected the vehicle 
with minimal lateral movement of the barrier. There were no 
detached elements or debris. There was no intrusion into the 
occupant compartment. The vehicle trajectory at loss of con
tact indicated minimum intrusion into adjacent traffic lanes. 
The vehicle remained upright and stable during the entire test 
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period. Performance of the railing in this test was judged 
acceptable. 

Test 7069-15 (18,000-/b Single-Unit Truck, 50.8 mph, 
15.1 degrees) 

The vehicle struck lhe rail approximately 26 ft from the up tream 
end between Post 4 and 5. hortly after impact, the right 
fro~t tire made contact with the lower rai l element and began 
to ride the curb. As the vehicle co11tinued its forward m ti n 
into the rail, the right front tire pushed the lower rail element 
down. Before becoming parallel to the railing, the left side 
of the vehicle became airborne. The wheels returned to the 
pavement just before the vehicle lo t contact with the railing. 
Maximum roll angle of the vehicle wa approximately 23 
degrees . Tbe vehicle was in contact with the railing all th 
way to the downstream e.nd (approximately 74 ft) . 

Damage to tbe vehicle i · hown in •igure 8. The Craine of 
the truck was permanently deformed. The cargo box was torn 
during the test; as the vehicle left the rail, the load shifted 
and tore open the right side of the cargo box. 

Damage to the railing in the vicinity of Post 6 is shown in 
Figure 9. The bolts connecting the lower rail element to the 
post were sheared n P t 3 through 7, appaJenlly becaus 
of. vertical downward load. At Po. t 5, the bolt on the upper 
ratl element was sheared and the fa e of the rail e lement itself 
was gouged. The flange on Post 6 was bent and the concrete 
curb was cracked at Posts 6 through 9. The top of Post 8 was 
deformed by the edge of the cargo box on the truck . 

The exit angle was 0 degree. The effective coefficient of 
friction was calculated to be 0.11. Occupant impact velocity 
was 9.8 ft/sec in the longitudinal direction and 12.4 ft/sec in 
the lateral direction. The highest0.010- ec occupant ridedown 
acceleration were - 2.5 g (longitudinal) and 7.4 g (lateral) . 
T hese data and ther pertinent information from the test are 
summarized in Figure 10. 

The bridge rail contained and smoothly redirected the vehi
cle with minimal lateral movement of the bridge rail. There 
was no intrusion into th occupant compartment and very 
lillle deformation f the compartment. The vehicle trajectory 
at loss of contact indicated n intrusion into adjacent traffic 

FIGURE 8 Photograph of vehicle after Test 7069-15 (18,000 
lb 50.8 mph, 15.1 degrees). 
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FIGURE 9 Damage to railing at Post 6. 

lanes and the vehicle remained stable during the collision. 
Performance of the railing was judged acceptable. 

Thirty-two-in. Vertical Concrete Parapet 

This railing was designed with a thickened section at the top 
of the parapet to provide additional strength and stiffne 
along the top edge (Figure 11) . This produce · a gr ater length 
of failure mechanism which allows a greater lengt h f parapet 
to carry and di tribute the applied load to the deck. This 
railing was originally designed before the final test matrix in 
the 1989 guide specification was e tabli hed . Wll n the railing 
was designed, the trength test requirement for a PL 2 rai ling 
was a 5 400-lb pickup truck striking a t 5 mpb and 20 degrees. 
The design force used for this test wa 56 kips di tributed 
over 42 in. and applied 29 in. above the road surface . A 
strength analysis of the final design showed it would resist 57 
kips applied near the top (approximately 30 in.). The yield 
line failure mechani m, if it occurred , would be expected to 
extend over a 7- to 10-ft length of railing, and the railing load 
transferred into the deck would be expected to ext.end over 
approximately 15 ft. 

!liree full- caJe crash tests were performed on a prot type 
railing: (a) an 1,800-lb automobilt: striking at 60 mph and 20 
degrees, (b) a 5,400-lb pickup truck striking at 65 mph and 
20 degrees and (c) an 18,0 0-lb single-unit truck striking at 
50 mph and 15 degrees . The railing performed acceptably in 
all three tests. 

Test 7069-5 (l,800-lb Automobile, 60.5 mph, 21.0 
degrees) 

T he impact point for this te t was :H midi ngth of the railing. 
The vehicle was smoothly redirected and was stable through
out the collision. It was in contact with the railing for a dis
tance of 10.3 ft. The vehicle lost contact with the railing 0.236 
sec after impact and exited with a yaw angle of 3.5 degrees 
and a trajectory of 6.2 degrees. 

Damage to the vehicle is shown in Figure 12. Maximum 
crush of the right front corner at bumper height wa 5 in. 
Damage to the railing was cosmetic only and is howo in 
Figure 13. 



Illinois 2399 Bridge Rail 

Test No ..... . 
Date ...... . 
Test Installation 

Installation Length. 
Vehicle . .. 

Vehicle Weight 
Test Inertia 
Gross Static 

Maximum Vehicle Crush. 

7069-15 
9/13/88 
Illinois 2399 
Bridge Rail 
100 ft (30 m) 
1980 Ford 7000 
Single-Unit Truck 

12,320 lb (5,593 kg) 
18,000 lb (8,172 kg) 
10.0 in (25.4 cm) 

FIGURE 10 Summary of results for Test 7069-15. 

32 ' 

#5 @ 4.75' c / c 

~4 Longlt. Bors 

Bors 

#4 @ 9.5' c / c 

FIGURE 11 Thirty-two-in. vertical concrete parapet. 

Impact Speed. . 50.8 mi/h (81.7 km/h) 
Impact Angle. . 15.1 deg 
Exit Speed. . . N/A 
Exit Trajectory . O deg 
Vehicle Accelerations 

(Max. 0.050-sec Avg) 
Longitudinal .. -1.9 g 
Lateral . . . . 4.9 g 

Occupant Impact Velocity 
Longitudinal .. 9.8 ft/s (3.0 m/s) 
Lateral .... 12.4 ft/s (3.8 m/s) 

Occupant Ridedown ~ccelerations 
Longitudinal .. -2.5 g 
Lateral .... 7.4 g 

s· 

1· 

#4 E! s• c/c 

#4 Longlt. Bors 

#4 @ s· c/c 
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FIGURE 12 Vehicle after Test 7069-5 (1,800 lb, 60.5 mph, 
21.0 degrees). 

0.000 s 0.075 s 

Test No ..... . 7069-5 
9/24/87 
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FIGURE 13 Vertical concrete parapet after Test 7069-5. 

0.149 s 0.224 s 

Impact Speed. . 60.5 mi/h (97.3 km/h) 
Impact Angle. . 21.0 deg T Date ... • ... 

Test Installation 32 in Vertical 
Wall 

Exit Speed. . . 48.6 mi/h (78.2 km/h) 
Exit Trajectory 6.2 deg 

32 In 

Installation Length 
Vehicle 

100 ft (30 m) 
1981 Honda 
Civic 

Vehicle Accelerations 
(Max. 0.050-sec Avg) 
Longitudinal .. -8.0 g 
Lateral .... 14.0 g Vehicle Weight 

Test Inertia 
Gross Static 

Vehicle Damage 
TAD 

1,800 lb (817 kg) 
1,965 lb (892 kg) 

Classification 

Occupant Impact Velocity 
Longitudinal .. 20.1 ft/s (6.1 mis) 
Lateral .... 26.0 ft/s (7.9 m/s) 

Occupant Ridedown Accelerations 
Longitudinal. -1.6 g 

01RFQ4 
CDC 

Maximum Vehicle Crush 5.0 in (12.7 cm) Lateral .... 9.4 g 

FIGURE 14 Summary of results for Test 7069-5. 

Exit speed at time of contact (0.236 sec) wa 48.6 mph and 
the vehicle trajectory was 6.2 degrees with a vehicle yaw angle 
of 3.5 degrees . The effective coefficient of friction wa cal
culated to be 0.22. Occupant impact velocity was 20.1 ft/sec 
in the longitudinal direction and 26.0 ft/sec in the lateral direc
tion. The highest 0.010-sec occupant ridedown accelerations 
were -1.6 g (longitudinal) and 9.4 g (lateral). These data 

and other pertinent information from the test are summarized 
in Figure 14. 

The railing contained and smoothly redirected the vehicle 
with no lateral movement. There were no detached elements 
or debris. There was no intrusion into the occupant com
partment although some deformation of the compartment 
occurred. The vehicle trajectory indicated no intrusi n into 



Buth el al. 

adjacent traffic lanes. The vehicle remained upright and stable 
during the entire collision. Performance of this railing was 
judged acceptable. 

Test 7069-6 (5,400-lb Pickup Truck, 59. 7 mph, 20.2 
degrees) 

The vehicle struck the railing at midlength and was smoothly 
redirected. It was in contact with the railing for a length of 
10.5 ft. Loss of contact between the railing and the vehicle 
occurred at 0.418 sec. The vehicle exited with a yaw angle of 
5.6 degrees and a trajectory of 6.4 degrees relative to the 
railing. 

Damage to the vehicle is shown in Figure 15. Note that the 
right front wheel was separated at the welds connecting the 
outer and inner portion, allowing the outer portion of the 
wheel and tire to separate from the vehicle. The front sus
pension was damaged. The cab was twisted and the frame 
was permanently deformed. No structural distress was noted 
in the parapet (Figure 16). 

The effective coefficient of friction was calculated to be 
0.32. Occupant impact velocity was 18.6 ft/sec in the longi
tudinal direction and 21.1 ft/sec in the lateral direction. The 
highest 0.010-sec occupant ridedown accelerations were -5.5 
g (longitudinal) and 8.6 g (lateral). These data and other 
pertinent information from the test are summarized in Figure 
17. 

The barrier contained and smoothly redirected the vehicle 
with minimal lateral movement of the barrier. There were no 
detached elements or debris. There was no intrusion into the 
occupant compartment although some deformation of the right 
door occurred. The vehicle trajectory at loss of contact indi
cated minimum intrusion into adjacent traffic lanes. The vehi
cle remained upright and stable during the entire test period. 
Performance of the barrier was acceptable in this test. 

Test 7069-16 (18,000-/b Single-Unit Truck, 50 mph, 
14.0 degrees) 

The impact point for this test wa. approximately 20 ft from 
the up tream end of the rai ling. Shortly before the vehicle 
became parallel to the railing, its left side became ai rborne. 

FIGURE 15 Vehicle after Test 7069-6 (5,400 lb, 59.7 mph, 
20.2 degrees). 
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FIGURE 16 Vertical concrete parapet after Test 7069-6. 

As the vehicle continued along the railing, it also continued 
to roll toward the railing and attained a maximum roll angle 
of approximately 17 .6 degrees. During the collision tbe lower 
edg of the cargo box wa bearing on and sliding along th 
top surface of the railing. Thi undoubtedly helped stabilize 
the vehicle and may or may not occur in oth r railing designs. 
On passing the downstream end of the rai ling, the vehicle 
was steered to the right and followed a -curved path finally 
rolling onto its left side. 

The vehicle sustained damage to its right side during inter
action with the railing, as indicated in Figure 18. Maximum 
crush at the right front corner at bumper height was 10.0 in. 

As can be seen in Figure 19, the bridge rail sustained cos
metic damage. Tire marks on the face extended to the top 
edge for about 30 ft. The box of the vehicle scraped the top 
of the bridge rail for another 15 ft. The vehicle was in contact 
with the bridge rail for about 45 ft. 

The effective coefficient of friction was calculated to be 
0.41. The vehicle left the bridge rail traveling at 34.2 mph . 
Occupant impact velocity was 10.9 ft/sec in the longitudinal 
direction and 11.8 ft/sec in the lateral direction. The highest 
0.010-sec occupant ridedown accelerations were - 2.3 g (lon
gitudinal) and 8.4 g (lateral). These data and other pertinent 
information from the test are summarized in Figure 20. 

The bridge rail contained and smoothly redirected the vehi
cle with no lateral movement of the bridge rail. There was 
no intrusion into the occupant compartment and very little 
deformation of the compartment. The vehicle trajectory at 
loss of contact indicated no intrusion into adjacent traffic 
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0.000 s 0. 130 s 

-- -------- . 

Test No ..... . 
Date ...... . 

7069-6 
10/ 08/ 87 
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0.250 s 0.380 s 

Impact Speed. . 59.7 mi/h (96.1 km/h) 
Impact Angle. . 20.Z deg T Test Installation 32 in Vertical Exit Speed. . . 47.0 mi/h (75.6 km/h) 

Wall Exit Trajectory 6.4 deg 

32 In 
Installation Length 
Vehicle 

100 ft (30 m) 
1982 Chevrolet 
Pickup 

Vehicle Accelerations 
(Max. 0.050-sec Avg) 
Longitudinal .. -5. 7 g 
Lateral .... 13.1 g Vehicle Weight 

Test Inertia 
Gross Static 

Vehicle Damage 
TAD 

5 ,420 lb (2 ,461 kg) 
5,759 lb (2,615 kg) 

Classification 

Occupant Impact Velocity 
Longitudinal. 18.6 ft/s (5.7 m/s) 
Lateral . . . 21.1 ft/s (6.4 m/s) 

Occupant Ridedown Accelerations 
Longitudinal. -5.5 g 

01RD4 
CDC 

Maximum Vehicle Crush 9.0 in (22.9 cm) Lateral .... 8.6 g 

FIGURE 17 Summary of results for Test 7069-6. 

FIGURE 18 Damage to vehicle in Test 7069-16 (18,000 lb, SO 
mph, 14 degrees) after being uprighted. 

lanes; however, the vehicle did not remain upright after the 
collision. Performance of the railing was judged acceptable. 

Thirty-two-in. F -Shaped Concrete Parapet 

The median barrier version of the F-shape was developed by 
Southwest Research Institute as an alternative to the New 

FIGURE 19 Thirty-two-in. vertical parapet after Test 7069-16. 

Jersey safety shape. The same F-shaped traffic face was used 
in the bridge parapet railing evaluated in the study reported 
herein. This railing was designed for an impact by a 5 ,400-lb 
pickup truck traveltng 65 mph and triking at an angle of 20 
degrees. The design Load was 56 kips of Line load uniformly 
di tributed over a longitudinal distance of 42 in. and applied 
29 in . nbovc the road urface. A c1u · s~ctiun of the prototype 
design is shown in Figure 21. 



0.000 s 

T 
32 In 

0.172 s 0.368 s 0.613 s 

Test No . . ... . 
Date . . . . . . . 
Test Installation 

Installation Length. 
Vehicle .. . 

Vehicle Weight 

7069-16 
10/13/88 
32-in Vertical Wall 
Bridge Rail 
100 ft (30.5 m) 
1982 Ford 7000 
Single-Unit Truck 

Test Inertia 13,820 lb (6,274 kg) 
Gross Static 18,000 lb (8,172 kg) 

Maximum Vehicle Crush. 10.0 in (25.4 cm) 

Impact Speed. . 50.0 mi/h (80.5 km/h) 
Impact Angle. . 14. 0 deg 
Exit Speed. . . 34.2 (55.0 km/h) 
Exit Trajectory . 5 deg 
Vehicle Accelerations 

(Max. 0.050-sec Avg) 
Longitudinal .. -1 . 7 g 
Lateral . . . . 4.6 g 

Occupant Impact Velocity 
Longitudinal . . 10.9 ft/s (3.3 m/s) 
Lateral .. .. 11.8 ft/s (3.6 m/s) 

Occupant Ridedown Accelerations 
Longitudinal . . -2.3 g 
Lateral . . . . 8.4 g 

FIGURE 20 Summary of results for Test 7069-16. 

32' l-i.5.C.5· 

#5 @ 4.75' c/c 

7' 
j__ 
3" 

@ 9.5' c/c 

FIGURE 21 Thirty-two-in. J<'-shaped concrete parapet. 

#4 Longlt. Bo.rs 

#5 @ 8" c/c 



44 

Three fu ll-scale crash te ts were perfocmed on a prototype 
railing: (a) an 1,800-lb automobile striking at 60 mph and 20 
degrees (b) a 5,400-lb p·ickup truck striking at 65 mph and 
20 degrees and c) an 18 000-lb singl -unit truck striking at 
50 mph and 15 degrees. The railing performed acceptably in 
all three tests. 

Test 7069-3 (1,800-lb Automobile, 60.1 mph, 21.4 
degrees) 

The impact point for this test was at midlength of the railing. 
The vehicle was smoothly redirected and lost contact with the 

FIGURE 22 Damage to vehicle in Test 7069-3 (1,800 lb, 60.1 
mph, 21.4 degrees). 

0.000 s 0.101 s 

Test No. . . . . . 
Date ...... . 

7069-3 
7/28/87 
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railing 0.276 sec after impact. The exit yaw angle of the vehicle 
was 0.9 degree and it trajectory was 6.2 degree relative to 
the railing. The vehicle was in contact with the rai ling for 10.3 
ft. During redirection, the right side of the vehicle was li fted 
by the sloping face of the railing. Tire marks on the railing 
indicate that the right si le of the vehicle w·1 · lifted about 17 
in. The vehicle was banked with a maximum roll angle of 
about 11 degrees. 

Damage to the vehicle is shown in Figure 22. Damage to 
the railing was cosmetic only and is shown in Figure 23. 

The effective coefficient of friction was calculated to be 0.33. 
Occupant impact velocity was 19.0 ft/sec in the longitudinal 
direction and 23.7 ft/sec in the lateral direction. The highe t 

FIGURE 23 Thirty-two-in. F-shape after Test 7069-3. 

0.201 s 0.302 s 

Impact Speed. . 60.1 mi/h (96.7 km/h) 
Impact Angle. . 21.4 deg 

Test Installation 

Tnstallation Length 
Vehicle 

32 in F-Shape 
Bridge Rail 
100 ft (30 m) 
1980 Honda 
1300 DX 

Exit Speed. . . 53.0 mi/h (85.3 km/h) 
Exit Trajectory 6.2 deg 
Vehicle Accelerations 

(Max. 0.050-sec Avg) 
Longitudinal .. -8.0 g 
Lateral .... 12.8 g Vehicle Weight 

Test Inertia 
Gross Static 

Vehicle Damage 
TAD 
CDC 

1,800 lb 
1,966 lb 

Classification 
01RFQ4 

(817 kg) 
(893 kg) 

Maximum Vehicle Crush 9.0 in (22.9 cm) 
32 in F-Shape 
Bridge Rail 

l!'IGURE 24 Summary of results for Test 7069-3. 

Occupant Impact Velocity 
Longitudinal .. 19 .0 ft/s (5 .8 mis) 
Lateral .... 23.7 ft/s (7 .2 mis) 

Occupant Ridedown Accelerations 
Longitudinal .. -2.1 g 
Lateral .... 4.9 g 
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0.010-sec occupant ridedown accelerations were - 2.1 g (lon
gitudinal) and 4.9 g (lateral). These data and Other pertinent 
information from the test are summarized in Figure 24. 

The railing contained and smoothly redirected the vehicle 
with no lateral movement of the banier. There were no detached 
elements or debris. There was no intrusion into the occupant 
compartment although some deformation of the compartment 
occurred. The vehicle trajectory at loss of contact indicated 
minimum intrusion into adjacent traffic lanes. The vehicle 
remained upright and reasonably stable during the entire 
collision. Performance of the railing was judged acceptable. 

Test 7069-4 (5,440-lb Pickup Truck, 65.4 mph, 20.4 
degrees) 

The railing contained and smoothly redirected the pickup 
truck in this test. The vehicle began to ride up the barrier 
face immediately after initial contact, and the right front tire 
was deflated during interaction with the railing. Just before 
becoming parallel with the railing, the vehicle became air
borne and rose approximately 1 ft above the pavement sur
face. On exiting, the vehicle returned to the pavement surface 
in a stable condition. The exit yaw angle was 0.4 degree and 
the exit trajectory was 7.4 degrees. 

After-test photographs of the vehicle and barrier are shown 
in Figures 25 and 26, respectively. 

The effective coeffi ient of friction was calculated to be 
0.31. Occupant impact velocity was 12.5 ft/sec in the longi
tudinal di.rection and 24.1 ft/sec in the lateral direction. The 
highest 0.010-sec oc upan1 rideclown accelerations were - 1.2 
g (longitudinal) and 5.9 g (lateral) . Th e daca and other 
pertinent information from the te. t a re SLLmmarizcd in Figure 
27. 

The barrier contained and smoothly redirected the vehicle 
with minimal lateral movement of the barrier. There were no 
detached elements or debris. There was no intrusion into the 
occupant compartment although some deformation of the right 
door occurred. T he vehicle trajectory at lo s of contact indi
cated minimum intrusion into adjacent traffic lanes. The vehi
cle remained upright and stable during the entire test period. 
Performance of the railing was judged acceptable . 

FIGURE 25 Damage to vehicle in Test 7069-4 (5,440 lb, 65.4 
mph, 20.4 degrees). 

FIGURE 26 Thirty-two-in. F -shape after Test 7069-4. 

Test 7069-11 (18,000-lb Single-Unit Truck, 52.1 mph, 
14.8 degrees) 
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The impact point was approximately midlength of the railing. 
On contact the right front wheel began to ride up the face of 
the railing, and subsequently the left front tire came off the 
pavement surface. As the vehicle yawed to become parallel 
to the railing, the left rear wheels came off the pavement 
surface and the vehicle continued to roll , reaching a maximum 
roll angle of 31 degrees. The lower edge of the cargo box 
contacted and slid along the top surface of the railing. 

The vehicle sustained extensive damage to the right side, 
as shown in Figure 28. Maximum crush at the right front 
corner at bumper height was 20.0 in. The front axle was torn 
loose, which caused damage to the springs, shackles, U-bolts, 
and tie rods . The steering arm and cylinder were damaged 
and the oil pan was dented. The fuel tank broke loose from 
the truck. 

As can be seen in Figure 29, the rail sustained cosmetic 
damage. There were tire marks on the face of the bridge rail 
and along the top. The top of the bridge rail was scraped 
along the remaining length from the lower edge of the cargo 
box of the truck. The vehicle was in contact with the bridge 
railing for 39 ft. 

The exit speed was not available. Exit angle was about 0 
degree. The effective coefficient of friction was calculated to be 
0.12. Occupant impact velocity was 5.7 ft/sec in the longitudinal 
direction and 8.2 ft/sec in the lateral direction. The highest 0.010-
sec occupant ridedown accelerations were 1.3 g (longitudinal) 
and 5.4 g (lateral). These data and other pertinent information 
from the test are summarized in Figure 30. 

The barrier contained and smoothly redirected the vehicle 
with no lateral movement of the barrier. There were no detached 
elements or debris. There was no intrusion into the occupant 
compartment. The vehicle trajectory at loss of contact indi
cated minimum intrusion into adjacent traffic lanes . The vehi
cle remained upright and stable during the entire test period. 
Performance of the railing was judged acceptable. 

New Jersey Safety Shape Concrete Parapet 

The New Jersey safety shape median barrier has been in use 
for many years and is currently used for some applications by 
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0.000 s 0.099 s 

Test No ..... . 
Date ...... . 

7069-4 
7/30/87 
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0.201 s 0.308 s 

Impact Speed. . 65.4 mi/h (105.2 km/h) 
Impact Angle. . 20.4 deg 

Test Installation 

Installation Length 
Vehicle 

32 in F-Shape 
Bridge Rail 
100 ft (30 m) 
1981 Chevrolet 
Pickup 

Exit Speed. . . 56.9 mi/h (91.6 km/h) 
Exit Trajectory . 7.4 deg 
Vehicle Accelerations 

(Max. 0.050-sec Avg) 
Longitudinal .. -4.7 g 
Lateral .... 13.1 g Vehicle Weight 

Test Inertia 
Gross Static 

Vehicle Damage 

5,440 lb (2,470 kg) 
5,780 lb (2,624 kg) 

Classification 

Occupant Impact Velocity 
Longitudinal .. 12.5 ft/s (3.8 mis) 
Lateral .... 24.1 ftls (7.3 mis) 

Occupant Ridedown Accelerations 
Longitudinal .. -1 . 2 g 

32 in F-Shape 
Bridge Rail 

TAD 
CDC 

01 RD4 

Maximum Vehicle Crush 5.0 in 

FIGURE 27 Summary of results for Test 7069-4. 

FIGURE 28 Vehicle after Test 7069-11 (18,000 lb, 52.1 mph, 
14.8 degrees). 

virtually every state. Many state u e a concrete parapet type 
bridge with the safety hape on the traffic face. Such a railing 
with a 6-in. top width was tested and evaluated. A cros 
section of this railing with steel reinforcement is shown in 
Figure 31. A strength analysis of the final prototype de ign 
indicated that its ultimate strength by yield line theory was 
about 52 kips. 

Two full-scale era h tests were performed on the prototype 
installation: (a) a 5,390-lb vehicle strjking at 57. 7 mph and 
20. 6 degrees and (b) an 18,000-lb vehicle triking al 51.6 mph 
and 15.S degre . The railing performed satisfactorily in both 
tests. 

(12.7 cm) Lateral .... 5.9 g 

FIGURE 29 Thirty-two-in. F-shape after Test 7069-11. 

Test 7069-14 (5 ,390-lb Vehicle, 57.7 mph, 20.6 
degrees) 

The vehicle began to ride up the face of the railing shortly 
after contact. Just after becoming paralle l with the rai ling, 
the vehicle became air borne and reached a maximum height 
of approximlltf': ly 23 in. above the deck. While still ni rborne 
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0.000 s 

Test No. . . . . . 
Date . . . . . . . 
Test Installation 

Installation Length. 
Vehicle ... 

Vehicle Weight 

0. 158 s 

7069-11 
3/30/88 
32 in F-Shape 
Bridge Rail 
100 ft (30 m) 
1982 Ford 7000 

Single-Unit Truck 

Test Inertia 18,000 lb (8,172 kg) 
Gross Static 18,G0C lb (B,172 kg) 

Maximum Vehicle Crush. 20.0 in (50.8 cm) 

FIGURE 30 Summary of results for Test 7069-11. 

i---- 15' ---1 

2· 

-
0.474 s 0.790 s 

Impact Speed. . 52.l mi/h (83.8 km/h) 
Impact Angle. . 14.8 deg 
Exit Speed. . . Not Available 
Exit Trajectory . O deg 
Vehicle Accelerations 
(Max. 0.050-sec Avg} 

Longitudinal .. -1.4 g 
Lateral . . . . 3.9 g 

Occupant Impact Velocity 
Longitudinal. . 5. 7 ft/s (1. 7 m/s) 
Lateral . . . . 8.2 ft/s (2.5 m/s) 

Occupant Ridedown Accelerations 
Longitudinal .. 1.3 g 
Lateral . . . . 5.4 g 

@ s· c/c 

@ 7' clc 

tt5 @ 8" c/c 

32· 

tt5 @ 4.75' 

Longlt. Bars 

s· 

FIGURE 31 Thirty-two-in. New Jersey safety shape. 
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and traveling at 35 .8 mph with a heading of 0.9 degree and 
a trajectory of 0.9 degrees, the vehicle lost contact with the 
railing. The vehicle rose approximately 23 in. above the pave
ment. Approximately 15 ft of railing was in contact with the 
vehicle (Figure 32). 

Damage to the vehicle is shown in Figure 33. Maximum 
crush at the right front corner at bumper height was 12 in. 

The effective coefficient of friction was calculated to be 0.83. 
Occupant impact velocity was 17 .8 ft/sec in the longitudinal 

FIGURE 32 Thirty-two-in. safety shape railing after Test 
7069-14. 

l 

0.000 s 

Test No ..... . 
Date . . .... . 

o. 101 s 

. . 7069-14 

. . 8/11/88 
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direction and 18.7 ft/sec in the lateral direction. The highest 
0.010-sec occupant ridedown accelerations were -5.1 g (lon
gitudinal) and 9.2 g (lateral). These data and other pertinent 
information from the test are summarized in Figure 34. 

The bridge rail contained and smoothly redirected the vehicle 
with no lateral movement of the bridge rail. There was no 
intrusion into the occupant compartment and minimal defor
mation of the compartment. The vehicle trajectory at loss of 
contact indicated minimum intrusion into adjacent traffic lanes. 
The vehicle remained upright and stable during the collision. 
Performance of the raiiing was judged acceptable. 

FIGURE 33 Damage to vehicle in Test 7069-14 (5,390 lb, 57.7 
mph, 20.6 degrees). 

i 

Impact Speed . . 57.7 mi/h (92.8 km/h) 
Impact Angle. . 20.6 deg 11 

19 In 

~ 
Test Installation .. 32-in New Jersey 

Safety Shape Bridge Rail 
Installation Length. 100 ft (30 m) 

Exit Speed. . . 35.8 mi/h (57.6 km/h) 
Exit Trajectory . 0.9 deg 
Vehicle Accelerations 

10 In 

J_ 
3 In 

J2-tn New Jersey Safety 
Sh1oeBrldqeRa1l 

Vehicle 1981 Chevrolet Custom 
Deluxe C-20 truck 

Vehicle Weight 
Test Inertia 
Gross Static 

Maximum Vehicle Crush . 

5,390 lb (2 , 447 kg) 
5,724 lb (2 , 599 kg) 
12.0 in (30 .7 cm) 

FIGURE 34 Summary of results for Test 7069-14. 

(Max. 0.050-sec Avg) 
Longitudinal .. -6.6 g 
Lateral .... 7.3 g 

Occupant Impact Velocity 
Longitudinal . . 17 .8 ft/s (5.4 m/s) 
Lateral . . .. 18. 7 ft/s (5. 7 m/s) 

Occupant Ridedown Accelerations 
longitudinal .. -5.1 g 
Lateral . . . . 9.2 g 
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Test 7069-12 (18,000-lb Single-Unit Truck, 51.6 mph, 
15.5 degrees) 

Shortly after contact the right front wheel began to ride up 
the face of the railing, and the axle broke loose from the 
vehicle. The left front wheel became airborne, and the front 
of the vehicle continued to ride up as the vehicle began to 
yaw to become parallel with the railing. The front of the 
vehicle reached a maximum height of about 44 in. above the 
pavement urface. The vehicle continued to roll toward the 
railing, reaching a maximum angle of 44 degree~. When the 
vehicle lid off the end of the railing, it rolled back away from 
the railing and came to rest on its left side. 

As can be seen in Figu1·e 35 , the rail sustained cosmetic 
damage. There were tire marks 011 the foce of the bridge rail 
and along the top. The top of the bridge rail was ·craped 
along the remaining length from the undercarriage of the 
truck. The vehicle was iu contact with the bridge rail for 
77 ft. 

The vehicle sustained damage, as shown in Figure 36. Max
imum crush at the right front corner at bumper height was 
8.0 in. The front axle was torn off the vehicle and the under
carrjage was damaged. There was damage to the U-bolts, 
Pitlman arm rod , steering arm, brake lines, and leaf spring 
bolts . The outer right rear wheel rim was bent and the tire 
was damaged. T h.e fuel tank was also damaged. 

The exit speed and the effective coefficient of friction were 
not attainable. The vehicle did not become parallel while in 
contact with the bridge rail. Occupant impact velocity was 
13.4 ft/sec in the longitudinal direction and 10.2 ft/sec in the 
lateral direction. The highest 0.010-sec occupant ridedown 
accelerations were - 3.0 g (longitudinal) and 4.9 g (lateral). 
These data and other pertinent information from the test are 
summarized in Figure 37. 

The bridge rail contained and smoothly redirected the test 
vehicle with no lateral movement of the bridge rail. There 
was no intrusion into the occupant compartment and very 
little deformation of the compartment. The vehicle trajectory 
at loss of contact indicated minimum intrusion into adjacent 
traffic lanes; however, the vehicle did not remain upright after 
collision. Performance of the railing was judged acceptable. 

FIGURE 35 Thirty-two-in. New Jersey safety shape railing 
after Test 7069-12. 

FIGURE 36 Damage to vehicle in Test 7069-12 (18,000 lb, 
51.6 mph, 15.5 degrees). 

SUMMARY 
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It is generally thought that the AA HTO Guide Specification 
fo r Bridge Railings , if followed, will produce a general 
improvement of the performance of bridge railing sy tern . 
The performance level selection criteria given in that guide 
appear to indicate that a PL 2 bridge railing de ign hould be 
used on much of the nation's highway system. 

Four PL 2 railing designs have been developed and proven 
through full- cale crash tests. All the railings had a total geo
metric height of 32 i·n. Test results indicate that thi is probably 
the minimum height for a PL 2 railing, at least for the types 
of raiLillgs tested. Some innovative designs of lesser height 
might be made to function suitably, but they should be subjected 
to full-scale testing to prove their performance. 

Of the railing designs reported herein, one was a steel beam
and-post system with tubular rail elements mounted on wide 
flange po t mounted on a curb. The other three were con
crete parapets: a vertical face an F-sbape, and the standard 
New Jersey safety shape. All had suitable height and geo
metric features as indicated by full-scale test evaluated in 
accordance with the 1989 guide specification. The strengths 
of the railing systems were adequate and possibly on the con
servative side. Extensive structural distress of the railings was 
not experienced in the tests. Virtually no cracking occurred 
in the concrete railings during full-scale tests , which indicates 
that the forces applied to the railings were significantly less 
than their ultimate strengths. 

Some differences in performance of the three concrete par
apet railings should be observed. The two parapets with sloped 
faces, the New Jersey safety shape and the F-shape, both 
caused the automobile and pickup test vehicles to ride up the 
face and become airborne. The vertical parapet did not pro
duce this effect. However, the forces generated on these ve
hicles by the vertical parapet were generally slightly more 
severe. In all ca es, stability of the vehicle was c nsidered 
acceptable. 

In tests with 18,000-lb single-unit trucks on the 32-in. ver
tical parapet and the 32-in. F-shape, the vehicles remained 
generally table durfog interaction with the railing, although 
roll di placements were ignificant. Tbe vehicle did finally roll 
onto its left side in the test on the 32-in. vertical parapet 
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Date ...... . 

0.304 s 

7069-12 
6/22/88 

.· 

' 
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--... . ...... 
,.,,, 

0.608 s 0.912 s 

Impact Speed. 51.6 mi/h (83.0 km/h) 
Impact Angle. 15.5 deg 

19 In 

~ 

Test Installation 

Installation Length . 
Vehicle 

32-in N.J. Safety 
Shape Bridge Rail 
100 ft (30 m) 
1982 GMC 

Exit Speed. . N/A 
Exit Trajectory . 2.0 deg 
Vehicle Accelerations 

(Max. 0.050-sec Avg) 
Longitudinal .. -3.2 g 
Lateral . . . . 2.5 g 

Single-Unit Truck 
Vehicle Weight 

iO In 

1 
3 In 

Test Inertia 
Gross Static 

Maximum Vehicle Crush. 

10, 900 lb (4,949 kg) 
18, 000 lb (8,172 kg) 
8. 0 in (20.3 cm) 

Occupant Impact Velocity 
Longitudinal .. 13.4 ft/s (4.1 m/s) 
Lateral .... 10.2 ft/s (3.1 m/s) 

Occupant Ridedown Accelerations 
Longitudinal . . -3.0 g 

32-in New Jersey Safety 
Shape Sridge Rail 

FIGURE 37 Summary of results for Test 7069-12. 

because of its curved path. In the test on the 32-in. New Jersey 
safety shape, the vehicle rode up the barrier more and rolled 
onto it ·ide. Thi difference in behavior is thought to be the 
result of the geometry of th face of the railing. However , 
the make of the vehicle used on the New Jersey safety shape 
was differen t from the others , and differences in the vehicle 
may have had some influence. All vehicles met the test vehicle 
specifications in the AASHTO Guide Specifications for Bridge 
Railings. 

Lateral . . . . 4.9 g 

REFERENCES 

1. Guide pecifications for Bridge Railings . AASHTO, Washington, 
D.C., 1989. 

2. E. Buth. Safer Bridge Railings , Vol. l-Summary Report . Report 
FHWAIRD-821072. FHWA , U .S. Department of Tran portation, 
Wahington, D . ., June 1984. 

3. W. L. Beason and T. J . Hirsch. Meas11rame111 of Heavy Vehicle 
Impact Forces all(f /11ertia Properties . Texa Tran portalion In ti· 
tute The Texa A&M University System, CoUege Station, May 
1989. 



TRANSPORTATION RESEARCH RECORD 1258 51 

Aesthetically Pleasing Concrete Beam-and
Post Bridge Rail 

T. J. HIRSCH, C. E. BUTH, AND DARRELL KADERKA 

Research ha developed railing to withstand impact loads from 
vehicle of ever-increasing size; however, aestheti'c con idcrations 
have been overshadowed by safety and structural requirements. 
The objective of this resea rch ·tudy wa to develop ae thetically 
pleasing, tructurally ·ound railing that can serve as alternative 
railings in urban areas. A new type of open concrete bridge rail 
Texa Type T41J-is presented . This bridge ra.il is con tructed 
of reinforced concrete 32 i.n. high by 12 in . thick and contain -
in.-wide by 18-in .-high openings. at IS·in. center-to-center lon
gi tudinal spacing. The bridge rail wa era ·h-tested and evaluated 
in accordance with NCH RP Repon 230 for Service Level 2. Two 
crash tests were required-a 4,500-lb pas ·enger car triking at 
60 mph and a 25-clegre impaer angle and an 1,800-lb pa enger 
car striking at 60 mph and a 20-degree impact angle. Jn both tests 
the bridge rail contained and redirected the te t vehicle. There 
were no detached element · or debris to present undue hazard to 
other traffic. The vehicle remained upright and relatively stable 
during the colli ion. The occupant impact velocities and 10-msec 
occupant ridedown accelerations were within the limits specified 
in N HRP Report 230. The vehicle trajectory at loss of contact 
indicates no intrusion into adjacent traffic lane (exit angles of 
0 degree and 5.9 degrees) . These test data also met the occu
pancy safety evaluation guidelines in the 1989 AA HTO Guide 
Specific(ltions for Bridge Railings. 

Research has developed railing to withstand impact loads from 
vehicles of ever-increasing size; however, aesthetic consid
erations have been overshadowed by safety and structural 
requirements. Engineer · often fail to recognize the effect of 
their structures on the land cape, particularly in city or urban 
areas. Architects and developers often propose aesthetically 
pleasing railing that engineers cannot accept becau e of truc
tural inadequacies. The objective of this re earch study was 
to develop aesthetically pleasing, structurally ound railings 
that can serve as alternative railings. 

An attempt is being made to develop one or more new 
concrete, steel, and aluminum railings or combination rail-
ings me with curb and sid walk. 

A ne\Y type of open concrete bridge rail-Texa Type T41 I -
is pre. ented. The research study advi o.ry committee reviewed 
design sketches of 22 different bridge rai l design. before 
selecting the new Texas Type T411 as its t p priority. The 
advisory committee wa compo ed f two architects (private 
con ultants from Dalla ) two research engineers from Texas 
Transportation Institute, two highway de ign engineers from 
the Dallas District, one bridge design engineer from the Dallas 
District, and three bridge design engineers from Austin 
headquarters. 

Texas Transportation Institute, Texas A&M University System, College 
Station, Tex. 77843-3135. 

DESCRIPTION OF TEXAS TYPE T411 BRIDGE 
RAIL 

Texas Type T41J bridge rail is constructed of reinforced con
crete 32 in . high by 12 in. thick and contains 8-in.-wide by 
18-in.·high opening at 8-in. center-to-center longitudinal 
spacing. Figures J and 2 present a plan view, elevation and 
cro ·s section of the T411 rail. The bridge deck i an -in.· 
thick typical Texas bridge slab design in accordance with 
AASHTO pecifications (1). 

Figure 3 hows a photograph of the bridge rail in tallation 
before crash te ting. The installation is 75 ft 10 in. long. The 
three pilasters are not super-strong post , a th y appear to 
be. They contain Styrofoam blocks 10.5 tn. by 13 in. by 21 
in. (void) which m,eans that the pilasters are imilar to the 
8-in. by 18-in. opening ·. The use of th pita ter i. optional 
because they did not contribute to t·he bridge rail strength as 
built and crash-tested. 

This bridge rail was designed using a failure mechanism (or 
yield line) method of analysis (2). The design strengh of the 
concrete was f~ = 3 600 psi and the yield trength of rein
forcing steel wasfy = 60,000 psi. The top beam was nominally 
7 in . wide and 11 in. thick (b = 7 in. and d = 8.25 in.), 
yielding an ultimate moment capacity of20.0 kip-ft. The posts 
are 10 in. wide and 10 in. thick (b = 10 in. and d = 8 in.), 
yielding an ultima'te moment capaci.ty of 20.6 kip-ft. With a 
moment arm of 2.2 ft, each post could resist a lateral load of 
about 9.5 kips. Figures 4 and 5 present a summary of the 
fail ure mechanism analysis of the strength of the T411 bridge 
rail. The failure load would be about 65.9 kips or more. Five 
posts would crack, and a 9-ft. length of bridge rail would be 
involved. 

Concrete specimens taken from the simulated bridge deck 
yielded a compressive strength of 4 880 psi at 28 days of age. 
The compressive strength of the concrete rail was 5,110 psi 
at 28 days of age. 

CRASH TESTS 

In order to qualify this bridge rail for use on Federal-Aid 
highways it was crash-tested and evaluated in accordance 
with NCH RP Report 230 (3) for Service Level 2. 1\vo crash 
tests were required-Test 10 with a 4,500-lb passenger car 
striking at 60 mph and a 25-degree impact angle and Test S13 
with an 1,800-lb passenger car striking at 60 mph and a 20-
degree impact angle. 
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FIGURE 3 Installation before Test 1185-1. 

Honda Crash Test (Test 1185-1) 

The 1980 Honda Civic (Figure 6) was directed into the brjdge 
rail using a reverse tow and guidance system. Test inertia 
ma s of the vehicle was 1,800 lb. The lower edge of the vehicle 
bumper wa 14.25 in . high and the top of the bumper wa 
19.25 in . l1igh . The vehicle was freewheeling and unre trained 
ju t before impact. 

The speed of the vehicle at impact was 0.2 mph and the 
angle of impact was 21.2 degrees . The vehicle struck the bridge 
rail approximately 22 ft from the end. The right front wheel 
made contact with the bridge rail shortly after impact. The 
vehicle began to redirect at 0.039 ec. By 0.052 sec the vehicle 
had deformed to the A-pillar, which allowed the windshield 
to begin to pop out, and at 0.075 sec the windshield broke. 
At 0.378 sec the vehicle was traveling almo t parallel with the 
bridge rail and it peed wa ab ut 39.3 mph . The front of 
the vehicle remained in contact with the bridge rail lllltil it 
rode off the end at 0.974 ec at a peed of 30.2 mph . When 
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the brakes were applied, the vehicle yawed clockwise and 
subsequently came to re t 100 ft from the point of impact. 

As can be seen in Figures 7 and 8, the rail sustained minimal 
cosmetic damage. Tire marks on the face of the bridge rail 
extended from the point of impact to the end of the rail . Some 
scraping and gougi ng along the edg of the portholes and of 
the first pila ter beyond impact occurred. The ehicle was in 
contact with the bridge rail for 53 ft. The vehicle sustained 
severe damage to the right side as shown in Figure 9. Maxi
mum crush at the right front corner at bumper height was 
11.0 in . The drive axle universal joint and right strut were 
damaged. The instrument panel in the passenger compart
ment was bent as well as the floor pan and roof, and the 
windshield was broken. The right front rim was bent and the 
lire wa damaged. There wa damage to the hood, grill, hump r, 
right front quarter panel, the right door and glass, the right 
rear quarter panel, and the rear bumper. 

Test Results 

Impact speed was 60.2 mph and the angl of impact was 21.2 
degrees. Occupant impact velocity wa 28.6 ft/sec in the 
longitudinal direction and 16.6 ft/sec in the lateral direction. 
The highest 0.010-sec occupant ridedown accelerations were 
- 2.0 g (longitudinal) and 3.6 g (lateral). These data and 
other pertinent information from the test are summarized in 
Figure 10. 

These data were further analyzed to obtain 0.050-sec 
average accelerations versus time. The maximum 0.050-sec 
averages measured at the center of gravity were -13.5 g 

(10J1gitudinal) and 11.3 g (lateral) . 

Conclusions 

The bridge rail contained and smoothly redirected the test 
vehicle with no lateral movement of the bridge rail. There 
were no detached elem •nts or debris to present undue hazard 
to other traffic. The vehicle remained upright and relatively 
stable during the collision. The occupant impact vel citie and 
10-msec occupant ridedown acceleration were within the lim
its pecified in N HRP Report 230. The vehicle trajectory at 
los of contact indicates no intrusion into adjacent traffic lanes 
(exit angle 0 degree) . 

These test data were also evaluated using the occupant 
safety evaluation guidelines in the 1989 AASHTO Guide 
Specifications for Bridge Railings ( 4). The effective coefficient 
of friction u was found to be 0.54, or marginal for this test. 

Cadillac Crash Test (Test 1185-2) 

The 19 0 Cadillac Sedan DeVille (Figure 11) wa directed 
into the bridge rail using o reverse tow and guidance syst m. 
Test inertia mass of the vehicle wa 4 500 lb. The lower edge 
of the vehicle bumper wa 12.5 in . higb and the top of the 
bumper was 21.0 in. high. The vehicle was freewheeling and 
unrestrained just before impact. 

The speed of the vehicle at impact was 62.2 mph and the 
angle of impact was 26.0 degrees. TI1e vehicle struck the bridge 
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FIGURE 4 Failure mechanism analysis for Texas Type T411 bridge rail. 

(A) Single Span Failure Mode 

I 

(B) Two Span Failure Mode 

L 

r 

(C) Three Span Failure Mode 

Mp plastic moment capacity of rail = Mult. 

Pp ultimate load capacity of a single post 

wt total ultimate vehicle impact load 8 Mg +I:Pp 

e 3.5 
L- t/2 

ft. 

PLAN VIEW 

FIGURE 5 Possible failure modes for rails. 
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FIGURE 6 Ve~icle-bridge rail geometrics for Test 1185-1. 

rail approximately 38 ft from the end. The right front wheel 
made contact with the bridge rail shortly after impact. The 
vehicle began to redirect at 0.064 sec. By 0.085 sec the vehicle 
had deformed to the A-pillar and the windshield broke. At 
0.240 sec the vehicle began to move parallel with the bridge 
rail, traveling at a speed of 41.7 mph. The rear of the vehicle 
struck the bridge rail at 0.264 sec. The vehicle lost contact 
with the bridge rail at 0.379 sec, traveling at 38.9 mph and 
5.9 degrees. The brakes were then applied; the vehicle yawed 
clockwise and subsequently came to rest against a safety 
barrier 125 ft from the point of impact. 

As can be seen in Figure 12, the rail sustained minimal 
cosmetic damage. Tire marks on the face of the bridge rail 
extended from the point of impact to the end of the rail. Some 
scraping and gouging along the edges of the portholes and of 
the first pilaster beyond impact occurred. The vehicle was in 
contact with the bridge rail for 12 ft. 

The vehicle sustained moderate damage to the right side, 
as shown in Figure 13. Maximum crush at the right front 
corner at bumper height was 16.0 in. The right A-arm, the 
tie rod, and the upper and lower ball joints were damaged, 
and the subframe was bent. The instrument panel in the pas
senger compartment was bent as well as the floor pan and 
roof, and the windshield was broken. The right front and rear 
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FIGURE 7 Test installation after Test 1185-1. 

rims were bent and the tires were damaged. There was dam
age to the hood, grill, bumper, right front quarter panel, the 
right front and rear doors, the right rear quarter panel, and 
the rear bumper. 

Test Results 

Impact speed was 62.2 mph and the angle of impact was 26.0 
degrees. The vehicle exited the rail at 38.9 mph and 5.9 degrees. 
NCHRP Report 230 describes occupant risk evaluation cri
teria and places limits on these for acceptable performance 
for tests conducted at 15-degree impact angles. These limits 
do not apply to tests conducted at 25-degree impact angles 
but were computed and reported for information only. Occupant 
impact velocity was 28.7 ft/sec in the longitudinal direction 
and 23.0 ft/sec in the lateral direction. The highest 0.010-sec 
occupant ridedown accelerations were - 12.4 g (longitudinal) 
and 10.5 g (lateral). These data and other pertinent infor
mation from the test are summarized in Figure 14. 

These data were further analyzed to obtain 0.050-sec aver
age accelerations versus time. The maximum 0.050-sec aver
ages at the center of gravity were -12.8 g (longitudinal) and 
16.5 g (lateral). 



FIGURE 8 Damage to rail at point of impact. 
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TAD . . . . . . . . OlFRS & OlRFQS 
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FIGURE 10 Summary of results for Test 1185-1. 

FIGURE 9 Vehicle after Test 1185-1. 

t 

0.244 s 0.366 s 

0 ., .' 

• ,• .. '"-......! .. > ... 1,. ... 1 ... ... ,../ . ;,,.' : ... . ... . ,' . . . . .. """· \ . ... . . .. 
Impact Speed . . 60.2 mi/h 
Impact Angle . . 21.2 degrees 
Speed at Parallel 39.3 mi/h 
Exit Speed . . . 30.2 mi/h 
Exit Trajectory . . 0 degrees 
Vehicle Accelerations 

(Max. 0.050-sec Avg) 
Longitudinal .. -13.5 g 
Lateral . . . 11.3 g 

Occupant Impact Velocity 
Longitudinal 28.6 ft/s 
Lateral . . . . . 16.6 ft/s 

Occupant Ridedown Accelerations 
Longitudinal . . -2.0 g 
Lateral . . . . . 3.6 g 
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FIGURE 11 Vehicle and bridge rail geometrics for Test 1185-2. 

Conclusions 

The bridge rail contained and smoothly redirected the test 
vehicle with no lateral movement of the bridge rail. The vehi
cle remained upright and relatively stable during the collision. 
The vehicle trajectory at loss of contact indicates minimum 
intrusion into adjac nt traffic lanes (exit angle 5.9 degrees). 
These test data satisfied all the occupant safety evaluation 
criteria of NCH RP f~epori 230 and those in the 1989 AASHTO 
Guide Specifications for Bridge Railings. The effective 
coefficient of friction u for this test was 0. 77, or marginal. 

SUMMARY AND CONCLUSIONS 

Table 1 compares the vehicle impact behavior of the aesthetic 
bridge rail, T411, with vehicle impact behavior obtained from 
several other rigid longitudinal traffic barriers. It can be seen 
that the change in speed of the vehicles during impact (23.3 
mph and 30.0 mph) were larger than those obtained from the 
others, but the exit angles (0 degrees and 5.9 degrees) were 
smaller than those obtained from the others. Becau e the 
vehicle did not return to the traffic lanes but tayed against 
the rail , the larger change in speed is not important. 

T he longitudinal accelerations ( -12.8 g and -13.5 g) were 
larger than those obtained from the other rails but were 
acceptable. These larger longitudinal accelerations were 
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FIGURE 12 Test installation after Test 1185-2. 

expected because the vehicle grinds into the vertical opening . 
The larger effective coefficients of friction u of .54 and 0.77 
wer al o expected and attributed to the vertical openings in 
the T4 U rail. The tran verse acceler, tions of L 1.3 g and 16.5 
g were about the same as tho e brained from the other barriers. 

The longitudinal occupant impact velocities of 28.6 ft/sec 
and 28 .7 ft/sec were larger than those obtained from the other 
rails but were less than the limit of 30.0 ft/sec (4). The trans
verse occupant impact velocities of 16.6 ft/sec and 23 .0 ft/sec 
were less than those obtained from the other rails and smaller 
than the limit of 25.0 ft/sec (4) . 

The longitudinal ridedown accelerations of - 2.0 g and -12.4 
g were larger than those obta ined from the other rails but 
less than the proposed limit of -15.0 g. The transverse rid -
down accelerations of 3.6 g and 10.5 g were mailer than tho e 
obtained from the other rails and smaller than the proposed 
limit of 15.0 g. 

le i therefore COllcluded that the n w Texas T411 bridg 
rail has successfully met the crash test requirements of N HR P 
Report 230. 



FIGURE 13 Vehicle after Test 1185-2. 

0.000 s 

Test No ..... . 
Date ...... . 

Test Installation 
Installation Length 

0.133 s 

1185-2 
12/01/88 

T411 Bridge Rail 
75 ft 

Vehicle . . . . . . 1980 Cadillac 
Vehicle Weight 

Test Inertia ..... 4,500 lb 
Vehicle Damage Classification 

TAD . . . . . . . . 01FR6 & 01RFQ7 
CDC ......... 01FZEK2 & 01RYAW4 

Maximum Vehicle Crush . 16.0 in 

FIGURE 14 Summary of results for Test 1185-2. 

0.267 s 

Impact Speed . . 
Impact Angle .. 
Speed at Parallel 
Exit Speed ... 
Exit Trajectory . . 
Vehicle Accelerations 

62.2 mi/h 
26.0 degrees 
41. 7 mi/h 
38.9 mi/h 
5.9 degrees 

(Max. 0.050-sec Avg) 
Longitudinal .. -12.8 g 
Lateral . . . . . 16.5 g 

Occupant Impact Velocity 
Longitudinal .. 28.7 ft/s 
Lateral . . . . . 23.0 ft/s 

Occupant Ridedown Accelerations 
Longitudinal .. -12.4 g 
Lateral . . . . . 10.5 g 

0.400 s 
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TABLE 1 COMPARISON OF VEHICLE IMPACTS INTO THE AESTHETIC TYPE T411 
BRIDGE RAIL WITH VEHICLE IMPACTS INTO OTHER RIGID LONGITUDINAL TRAFFIC 
BARRIERS 

NQHRP 23Q T!;l§t 1Q • 4,5QQ 1!2, 00 mgh, 2:2° 

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 
Long. Trans. 

Change Occupant Occupant Long. Trans. 
in Exit Long. Trans. Impact Impact Aided own Ridedown Type 

Test No. Speed Angle Ac eel. Ace el. Vel. Vel. Acee I. Acee I. Rail 
mgh d!;1gr!;1es g's g'§ fgs g'§ g's g's 

Cone. 
1179-2 14.5 2.0 - 9.7 14.3 23.9 27.3 • 4.9 16.7 C202 

Cone. 
7046-1 15.9 17.5 - 4.8 14.0 19.4 28.2 . 5.4 14.4 Wall 

3451-7 18.5 13.5 - 5.2 6.9 11.9 15.4 T101 

7091-10 12.9 6.3 - 6.3 12.5 18.6 27.0 . 5.9 10.8 IBC 
Cone. 

3451-36 17.4 6.3 - 9.1 15.4 10.9 23.0 Wall 

7091-11 !M ..u - 6.4 1.L§ ~ 26.6 ~ 10.6 IBC 

Avg. 15.4 8.8 - 6.9 12.5 18.0 24.6 • 5.0 13.1 

1185-1 23.3 5.9 -12.8 16.5 28.7 23.0 -12.4 10.5 T411 

NCHRP 2JQ T!;l§t 13 - 1,!3QQ I!;!, 60 mgh, 2!2° 

1179-1 16.8 0.6 -11.2 14.0 

3451-27 13.2 1.0 - 9.2 10.3 

3451-28 19.9 3.5 -13.6 10.2 

7069-3 7.1 6.2 - 8.0 12.8 

7069-5 11.9 6.2 - 8.0 14.0 

7069-10 1Q2 ~ - 6.4 14.2 

Avg. 13.2 3.8 - 9.4 12.6 

1185·2 30.0 0 ·13.5 11 .3 
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Wyoming Tube-Type Bridge Rail and 
Box-Beam Guardrail Transition 

KING K. MAK, ROGER P. BLIGH, AND DAVID H. POPE 

The re ults of testing and ev11 lu·11ion of the current Wyoming 
steel tube-typ · bri<Jgc railing y rem and the deve lopment , test
ing and eva lumion of a box-beam guardra il transiti n f 1· u e 
wi1h this l>ridg rai lings stem a r ~ pre. cnted. he ci:ash test resu lt 
indicate that both the bridge railing and the box-benm guardrail 
rrnnsi tion retrofi t de ign sati fy the guidelines set forth in NCH RP 
Report 2 0. Tl1e sled tube-typ t ridge rai ling i currCDtly n the 
11pproved list of bridge railings for use 011 ·edernl-Aid project . 
T he box-beam guardrnil transi1i n i. currenlly under review by 
FHWA for approval. The key adv:rntagcs of this steel tube-type 
bridge railing are thHt it is aesthetically pleasing and thal it allow. 
the trnveling public views of surrounding areas from rhe bridg 
deck. Its init ial and mai ntenance c ·tsar competi tive. T his type 
of ra iling d e n i 1)re ent problems with drifting now or clearing 
snow from roadways, c mm nly associated with concrete bnr
rier . These problems nre wh:u prompted the devel pment of the 
transition tre il tmenl o that the box-beam guan.Jrail could be used 
in conjunction with the steel tube-type bridge rail. 

The Wyoming steel Lube-type bridge railing system has been 
used in the tale ince the early 1960s wilh only minor changes 
over the years. It i a low-profile streamlined ra il that is 
aesthetica lly pleasing and allow · the traveling public view of 
surrounding areas from the bridge deck. The rail is ve r atile 
and has minimal maintenance costs. Replacement rail posts, 
rails and hardware can be stockpiled, both by fabricators and 
in highway department maintenance yard • to expedite repairs 
to damaged rails . Experience indicates that the rail has per
formed well in the field. There has never been any penetra
tion or vaulting over the rail, even when struck by tractor
semitrailers. 

The rail's installed cost is competitive with the concrete 
alternatives installed on a limited basis throughout the state. 
One m<1jor problem eucounte red with concrete-type bridge 
railings, because f their clo ed nature, is that of dJifting snow 
and clearing ·now fr m roadways. Tbe open nature of the 
structural steel tube-type bridge railing does not pre ·ent this 
problem. This bridge railing remains popular throughout the 
state. 

The Wyoming State Highway Departm nt contracted with 
Texas Transp rtation Institute (TT!) to crash test and eval
uate this steel tube-type bridge railing (1) and, in a follow
up study (2), t develop a transition treatment from a box
beam guardrail to the steel tube-type bridge railing. The results 
of these two studies are prese11ted. 

K. K. Mak and R. P. Bligh Texa Transpor1a1ion lnsriturc, Tcxn 
A&M University ystern , ollcge Statfon , Tex. 77843 . D. H. Pope, 
Wy ming late Highway Department . Cheyenne, Wyo. 82002. 

WYOMING TUBE-TYPE BRIDGE RAIL 

Description of Bridge Rail and Installation 

T he Wyoming bridge rail con isr of fabricated posts spaced 
9 ft 3 in. apart with two T 6 x 2 x 0.25 tube-type beam . 
T he • Lructural tecl components of the bridge rail cont rm t 
th requir men is of ASTM A 500 OJ A TM A 50 1. Th metal 
rail sit<; on top of a 6-in.-high curb for a total height f 29 in . 
above the pavement surface. he face of the curb wn · flu h 
with the traffi · face of the rai ls. Th 77-ft bridge rail was 
installed on a simulated bridge deck of the same length, which 
wa de. igned and constructed in accordance with standard 
bridge pecification u ed by the Wyoming State Highway 
Department. Phot graphs of the in tallation are ·hown in 
Figure l. 

Crash Testing and Evaluation 

Two crash tests were conducted to evaluate the Wyoming 
bridge rail system: 

l. Test Sl3- l ,800-lb vehicle striking the bridge rail at 60 
mph and 20 degrees. 

2. Test 10-4,500-lb vehicle striking the bridge rail at 60 
mph and 25 degrees . 

A decision was made by the Wyoming Highway Depart
ment , after consultation with FHWA, to use Test S13 instead 
of Test 12 (1,800-lb passenger car striking the bridge rail at 
60 mph and 15 degrees) as the small-car test. The rationale 
was that the 20-degree impact angle is a more severe test and 
provides a better assessment in terms of wheel snagging. 

The crash test and data analysis procedures were generally 
in accordance with guidelines presented in NCHRP Report 
230 (3). The test vehicles were instrumented with three rate 
transducers to measure roll, pitch, and yaw rates and with a 
triaxial accelerometer near the vehicle center of gravity to 
measure acceleration levels. An uninstrumented SO-percentile 
male dummy was placed in the driver's seat for the 1,800-lb 
car test, but not for the 4,500-lb car test. 

Test 1 (0368-1) 

A 1979 Honda Civic struck the railing at 61.1 mph and 20.0 
degrees . The point of impact was the center of the splice for 
the top rail, approximately 38 ft downstream from the begin-
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FIGURE i Wyoming tube-type bridge rail. 

ning of the bridge railing. The vehicle was smoothly redirected 
and exited from the rail at a speed of 49.7 mph and at an exit 
angle of 7 .1 degrees. The vehicle was in contact with the rail 
for a total of 8 .1 ft. 

The rail sustained minor damage, as shown in Figure 2. 
The permanent residual deformation was 0.25 in. vertically 
and laterally for both the top and bottom rails. The only repair 
necessary after the test was to loosen the bolts attaching the 
rail elements to two posts and realign the rail elements. 

The vehicle sustained moderate damage, considering the 
severity of the impact. As shown in Figure 2, the damage 
consisted primarily of sheet metal crushing along the front 
left side of the vehicle. Maximum crush was 7.0 in. at the left 
front corner of the vehicle. There was also damage to the left 
front strut assembly and tire rim. In addition, the left door 
became ajar and the window glass was broken. 

Sequential photographs and a summary of the test results 
and other information pertinent to this test are given in Figure 
3. The maximum 0.050-sec average acceleration experienced 
by the vehicle was - 8.0 g in the longitudinal direction and 
-16.5 g in the lateral direction. Occupant impact velocities 
were 20.9 ft/sec and 30.9 ft/sec in the longitudinal and lateral 
directions, respectively. The highest 0.010-sec occupant ride
down accelerations were -2.7 g (longitudinal) and -10.l g 
(lateral). 

The lateral occupant impact velocity of 30.9 ft/sec was ma1-
ginally higher than the limit of 30 ft/sec according to the 
guidelines on occupant risk criteria in NCHRP Report 230. 
However, once the occupant impact velocity is adjusted to 
account for the higher vehicle impact speed of 61.1 mph, it 
falls within the limit at 29.8 ft/sec. A comparison was made 
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FIGURE 2 Barrier and vehicle damage after Test 0368-1. 

with other bridge rails recently crash tested at TTI. For tests 
involving 1,800-lb passenger cars striking the bridge rails at 
60 mph and 20 degrees, the lateral occupant impact velocities 
ranged from 23.7 to 30.3 ft/sec. Although the Wyoming tube
type bridge rail is at the high end otthe spectrum, its perfor
mance is not considered to be significantly different from that 
of the other bridge rails . Given the rigid nature of bridge rails 
and the severe impact angle of 20 degrees, a relatively high 
lateral occupant impact velocity is to be expected. 

The occupant risk criteria are not applicable to any of the 
four crash tests reported in this paper, in accordance with 
NCHRP Report 230 requirements . The results are reported 
for information purposes only. 

Test 2 (0368-2) 

A 1979 Cadillac Sedan de Ville struck the railing at 63.3 mph 
and 25.0 degrees. The point of impact was midway between 
the posts for the span containing the splice for the top rail , 
approximately 40 ft downstream from the beginning of the 
rail. Although the deflated front tire and deformed sheet 
metal of the vehicle contacted the first post downstream from 
the impact point, the vehicle was smoothly redirected. The 
vehicle exited from the rail at a speed of 45 .9 mph and an 
exit angle of 4.6 degrees. The vehicle was in contact with the 
rail for a total of 10.6 ft. 
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Test No . . . . . 
Date ...... . 
Test Installation 

Length of Installation. 
Vehicle .... 
Vehicle Weight 

Test Inertia. 
Gross Static. 

Vehicle Damage Classification 
TAD . 
CDC . 

Maximum Vehicle Crush ... 
Max. Perm. Rail Deformation 

0368-l 
02/09/88 
Wyoming Tube-Type 

Bridge Rail 
77 ft (23.5 m) 
1979 Honda Civic 

l ,800 1 b (816 kg) 
l,968 lb (893 kg) 

11 LFQ5 
11FLES2 & llLFES3 
7.0 in (17.8 cm) 
0.25 (0.64 cm) 

FIGURE 3 Summary of results for Test 0368-1. 

The rail sustained minor damage, as shown in Figure 4. 
The permanent residual deformation was 1.25 in. vertically 
and 0.75 in. laterally for the bottom rail and approximately 
0.50 in. both vertically and laterally for the top rail. Diagonal 
stress cracks were found on the concrete bridge deck around 
the post immediately downstream from the point of impact, 
and a small piece of concrete was broken off behind the post. 

The vehicle sustained light to moderate damage, as shown 
in Figure 4. The front end of the car was shifted to the right 
and the subframe was bent. Maximum crush was 18.0 in. at 
the left front corner of the vehicle. The primary and secondary 
hood latches of the vehicle were disengaged by the impact , 
and part of the hood slid across the top of the top rail element. 

Sequential photographs and a summary of the test results 
and other information pertinent to this test are given in Figure 
5. The maximum 0.050-sec average accelerations experienced 
by the vehicle were - 9 .6 g in the longitudinal direction and 
-14.7 g in the lateral direction. Occupant impact velocities 
were 25 .1 ft/sec and 29 .5 ft/sec in the longitudinal and lateral 
directions, respectively. The highest 0.010-sec occupant ride
down accelerations were -5.8 g (longitudinal) and -12.2 g 
(lateral). Although not required for the evaluation of a tran
sition test , the occupant impact velocities and ridedown 
accelerations were all within the acceptable limits. 

The vehicle velocity change of 17.4 mph was higher than 
the limit of 15 mph recommended in NCHRP Report 230. 
However, because the exit angle of 4.6 degrees was substan-

0.115 s 

,. •• 0 • 

~~ . ~ :·•' ,•• . 

Impact Speed 
Impact Angle 
Exit Speed . 
Exit Angle . . 
Vehicle Accelerations 

(Max. 0.050-sec Avg) 
Longitudinal .... 
Lateral . . . . . . . 

Occupant Impact Velocity 
Longitudinal ..... 
Lateral . . . . . . . . 
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0.173 s 

• • • 
.Y. ... ~~t . . 

61.1 mi/h (98.3 km/h) 
20.0 degrees 
49.7 mi/h (80.0 km/h) 
7.1 degrees 

- 8.0 g 
- 16 .5 g 

20.89 ft/s (6.4 m/s) 
30.89 ft/s (9 .4 m/s) 

Occupant Ridedown Accelerations 
Longitudinal . . - 2.7 g 
Lateral .......... -10.l g 

tially less than 60 percent of the impact angle and the vehicle 
trajeclory indicated a minimal potential for intrusion into the 
adjacent t raffic lanes, the 15 mph criterion was not considered 
applicable. 

Summary 

Results of the two crash tests indicate that the Wyoming steel 
tube-type bridge railing generally meets the guidelines set 
forth in NCHRP Report 230. The rail contained and smoothly 
redirected the vehicles with little lateral movement of the 
barrier. The vehicles sustained light to moderate damage with 
minimal deformation and intrusion into the occupant com
partmeot. The vehicle trajectories at loss of contact with the 
raiJ indicate minimum potential for intrusion into the adjacent 
traffic lanes. The vehicles remained upright and stable during 
the initial test periods and after leaving the rail. This bridge 
railing is approved for use on Federal-Aid projects. 

BOX-BEAM GUARDRAIL TRANSITION 

As discussed in the previous section, the tube-type bridge rail 
was found to be in compliance with guidelines set forth in 
NCHRP Report 230. However, the exposed end of this bridge 
railing, like any rigid bridge railing, can present a serious 
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FIGURE 4 Barrier and vehicle damage after Test 0368-2. 

O.OOQs 0.087 s 
. .., • • <" 

' •• • * •"' ,• ., I I .: ' ~ • : ·; 

l i-~ .•• 

Test No . 0368-2 
Date. 02/10/88 
Test Installation Wyoming Tube-Type 

Bridge Rail 
Length of Installation . 77 ft (23.5 m) 
Vehicle . 1979 Cadillac Sedan 

Deville 
Vehicle Weight 

Test Inertia. 4,510 lb (2,045.7 kg) 
Vehicle Damage Classification 

TAD . 11LFQ6 
CDC . 11FLEK3 & 11LYES4 

Maximum Vehicle Crush . 18.0 in (45.7 cm) 
Max . Perm. Rail Deformation . 1/25 (3.2 cm) 
FIGURE 5 Summai·y of l'esults for T~sl 0368-2. 

safety hazard if improperly treated. In most instances, an 
approach roadside barrier is used to shield the exposed bridge 
railing end and to prevent errant vehicles from getting behind 
the railing and encountering underlying hazards. These 
approach guardrails are typically much more flexible than the 
bridge railings and can deflect sufficiently to allow an errant 
vehicle to strike or snag on the end of the rigid bridge railing. 
A transition section is therefore warranted whenever there is 
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0.177 ~ 0.270 s 

, 

I ; • • • • ' ~ 
.. . -

. '.J :ir .: ··· 

Impact Speed 63.3 mi/h (101.9 km/h) 
Impact Angle 25.0 degrees 
Exit Speed . 45.9 mi/h (73.9 km/h) 
Exit Angle . 4.6 degrees 
Vehicle Accelerations 

(Max. 0.050-sec Avg) 
Longitudinal - 9.6 g 
Lateral -14 .7 g 

Occupant Impact Velocity 
Longitudinal 25.1 ft/s (7.7 m/s ) 
Lateral 29 .5 ft/s (9.0 m/s) 

Occupant Ridedown Accelerations 
Longitudinal - 5.8 g 
Lateral -12.2 g 

a significant change in lateral strength from the approach 
guardrail to the bridge rail. 

A limited number of studies have addressed the transition 
problem and, consequently, few standards exist. In recent 
years, however, several acceptable guardrail-to-bridge-railing 
transition designs have been developed and tested ( 4-6). 
Although these designs have exhibited good impact perfor
mance, most of this research has focused uu dt:vduping a 
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transition from a strong-post W-beam guardrail to a rigid 
concrete parapet. Little, if any, analysis has been conducted 
on developing a transition from a weak-post box-beam guard
rail to a steel tube-type bridge railing such as that used by 
Wyoming and other states. 

Transition Development 

The relatively high degree of flexibility of the box-beam 
guardrail (deflections of 5 to 6 ft are not uncommon for severe 
impact ) makes ignificant modifications necessary in devel
oping a transition to a rigid bridge railing. The required increase 
in lateral barrier strength can be achieved by varying several 
key design parameters. These parameters include guardrail 
beam strength, post size or strength, and post spacing. 

The major features of the basic transition design included 
a continuation of the lower TS 6 x 2 x 0.25 steel tube from 
the bridge rail onto the transition treatment and the use of 
stronger W 6 x 9 steel posts at a reduced post spacing near 
the bridge rail end. Computer simulation techniques were 
used to model this basic design and to evaluate variou design 
alternatives, such as the number and spacing of the heavier 
posts. 

Computer Simulation 

The Barrier VII computer simulation model (7) was chosen 
for use in developing the new transition design. Despite its 
two-dimensional nature, the Barrier VII program has been 
successfully used to simulate impacts with a variety of flexible 
barriers, including transitions from flexible to rigid barriers 
(4-6). The program has been shown to be capable of accu
rately predicting barrier response under severe impact con
ditions. Further, for impacts into barriers on flat terrain, such 
as that found on the approach to a bridge, vehicle vaulting 
and underride are of little concern. 

All simulations for this study involved impacts with a 4,500-
lb vehicle traveling 60 mph at an angle of 25 degrees. This 
impact condition simulated Test 30 of NCHRP Report 230, 
which is the recommended test for evaluating the performance 
of a transition. This test examines the structural adequacy of 
the transition as well as the propensity for the more flexible 
barrier to deflect and allow a vehicle to snag on the end of 
the stiffer barrier. 

The purpose of the computer simulations was to evaluate 
the effect of post size and spacing on barrier performance. 
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The system were compared on the basis of maximum dynamic 
barrier deflection and the extent of wheel contact e timated 
on the guardrail posts and bridge rail end. Because of the 
large deflections associated with their u ·e, the weak S 3 x 
5.7 posts had to be replaced in the transition region. Use of 
a stronger W 6 x 9 post was investigated for two different 
post spacing , 4 ft and 2 ft , near the bridge end. These post 
pacings were selected becau e Wyoming's current transition 

to the steel tube-type bridge railing uses a 4-ft post spacing. 
Thus, both of these spacings would provide for a simplified 
retrofit operation, which was considered an important factor 
in the transition development. 

Table 1 summarizes the simulation results obtained when 
using W 6 x 9 steel posts with different post spacing. As 
indicated in Table 1, Barrier VII predicted various degrees 
of wheel contact for the two alternatives. Computer simula
tion models, such as Barrier VII, cannot simulate tire-post 
interactions, but they can be used to predict when wheel 
contact might occur. The extent of wheel contact is inferred 
from post deflections and wheel positions during the impact 
event. 

Because tire-post interactions cannot be accurately simu
lated, it is difficult to determine how a vehicle's wheel will 
behave after such contact has occurred. Depending on the 
type and degree of contact, the tire may simply roll around 
or over the post, be pushed back into the wheel well, or rotate 
about the ball joint. The behavior of the wheel after initial 
contact will determine the extent of contact on subsequent 
posts. Wheel contact with the steel guardrail post, in itself, 
does not necessarily represent a severe safety hazard. By design, 
the box-beam guardrail readily detaches from its supporting 
posts. This leaves the steel posts unrestrained at the top and 
allows them to deform more readily on wheel contact. Fur
thermore, some wheel contact can be viewed as beneficial to 
vehicle stability and trajectory. When a wheel is damaged, 
the vehicle tends to remain adjacent to the barrier, thereby 
lending stability to the vehicle and preventing it from exiting 
into adjacent traffic lanes at a high angle. Thus, the design 
alternatives were evaluated not solely on whether or not post 
contact occurred, but also on the amount of contact predicted. 

Numerous simulations were also made to analyze the behavior 
of the secondary transition from the standard box-beam 
guardrail to the transition section with the lower rail extended. 
The extension of the lower rail aids in the smooth transition 
of lateral stiffness from a weak-post box-beam guardrail to 
the strong-post transition treatment. Simulations also indi
cated that a 9-in. spacer or blackout should be used behind 
the guardrail post where the lower rail was terminated. This 

TABLE 1 BARRIER VII RESULTS FOR TRANSITION USING W 6 x 9 STEEL POSTS 
WITH DIFFERENT POST SPACINGS 

Maximum Extent Qf ~beel ~ontact 
Post Barrier Post i• e2s:t. J ~rjdg~ Rail End 

Spacing Deflection Con tact Rotation Contact Rot ation Contact Rotati on 
( ft l (in} (in} (deg} ( i !J l (deg} (in l (deg} 

4 12 .3 NA NA 4.0 12 -2.0 0 

2 9.3 2.9 7 3.5 8.5 -4.5 0 

* Intermediate post for 2-foot post spacing design 
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reduces the potential for snagging on the end of the lower 
tube when the barrier is struck upstream of the transition. 
Details of the final design are described below. 

Final Design Selection 

As indicated in Table 1, use of the 2-ft post spacing increases 
the lateral strength of the transition and thereby reduces the 
dynamic deflection of the rai l by approximately 3 in. By 
decreasing the deflection, the probability of wheel contact on 
lhc rigid bridge raii post is reduced. On the other hand, use 
of the 2-ft post spacing introduces more posts into the vehicle's 
path and, therefore, the amount of significant wheel contact 
on the W 6 x 9 steel posts is increased. Post rotations are 
reduced because of the decrease in rail deflection, so the 
predicted snagging for this design has the potential for being 
more severe than that predicted for the 4-ft post spacing design. 
In addition , the 2-ft post pacing has the potential for col
lecting drifting snow and hindering snow-clearing operations. 
Taking into account the simulation results and the consider
ations mentioned, it did not appear that the closer post spacing 
was warranted. Thus, the 4-ft post spacing was selected for 
testing in the final design. 

The final transition design uses two different rail elements . 
The upper TS 6 x 6 x 3

/16 box beam is mounted at a height 
of 29 in . and is attached to the upper bridge rail element with 
a special tapered sleeve. The lower TS 6 x 2 x 0.25 steel 
tube is mounted at a height of 17 in. and is carried off the 
bridge a distance of 36 ft, at which point it is flared away from 
the roadway behind a guardrail post. AC 9 x 13.5 spacer is 
used to block out the lower rail from the post when it is 
terminated. Three standard S 3 x 5.7 posts extend into the 
transition at the standard post spacing of 6 ft 0 in. before 
switching to the heavier W 6 x 9 posts. The first space with 
the heavier posts remains at 6 ft 0 in ., after which the spacing 

FIGURE 6 Wyoming bridge rail transition. 
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is reduced to 4 ft 0 in. near the bridge end. The end of the 
curb on the bridge deck is tapered back away from the road
way to help reduce the potential for wheel snagging. 

Photographs of the test installation are shown in Figure 6. 

Crash Testing and Evaluation 

According to NCHRP Report 230 guidelines , one crash test 
(Test 30) is recommended for the evaluation of a transition 
installation. The test involves a 4,500-lb full-size automobile 
striking 15 ft (or at the most critical point) upstream of the 
second and more laterally stiff system at a speed of 60 mph 
and at an angle of 25 degrees. However, because of the design 
of this transition treatment , there are two transition points, 
one from the flexible weak-post box-beam guardrail to the 
semirigid transition treatment and the second from the semi
rigid transition treatment to the rigid bridge railing. Two full
scale crash tests were thus conducted , one for each of the two 
transition points. 

Simulation runs using the Barrier VII program were con
ducted to determine the most critical point of impact for each 
of the two transition points. For the transition from the tran
sition treatment to the bridge railing, the most critical impact 
point was determined to be approximately 91

/2 ft upstream 
from the first bridge rail post, or midspan of Posts 2 and 3 of 
the transition treatment. For the transition from the box-beam 
to the transition treatment, a distance of 15 ft upstream from 
the beginning of the transition treatment was found to be 

FIGURE 7 Barrier and VP.hidP. rfamage after Test 0382-1. 
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Test Installation. Wyoming Bridge Rail 
Transition 

Impact Speed 
Impact Angle. 
Exit Speed. . 
Exit Trajectory .. 
Vehicle Accelerations 

44.4 (71.4 km/h) 
9.7 deg 

Installation Length 
Vehicle .... 

168.3 ft (51.3 m) 
1980 Oldsmobile 

Ninety-Eight 
(Max. 0.050-sec Avg) 
Longitudinal. 
Lateral . . . 

-B .4 g 
.-12.6 g Vehicle Weight 

Test Inertia 
Vehicle damage 

TAD ..... 
CDC .•... 

...... 4,500 lb (2,043 kg) 
Classification 

Occupant Impact 
Longitudinal. 
Lateral . . . 

Velocity 
. ... 28.0 ft/s (8.5 m/s) 

(8.4 m/s} 

Maximum Vehicle Crush. 
Maximum Dynamic 

Rail Deflection ... 
FIGURE 8 Summary of results for Test 0382-1. 

llLFQ-4 & llLD-2 
11FLEK2 & llLFES 
12.0 in (30.5 cm) 

12.0 in (30.5 cm) 

most critical. As it turned out, this point corresponded to a 
rail splice connection for the box beam. 

Test 3 (0382-1) 

A 1980 Old mobile Ninety-Eight truck the tran ·ition in tal
lation 91/2 ft upstream of the fast bridge rail p t at 62. mph 
and 25.5 degrees. 1'he vehicle was smoothly redirected although 
the fronL of the vehicle did partially ·trike the first bridge rail 
post (i.e. , the post immediately downstream of the transitjon). 
The vehicle exited the in tallation at a speed of 44.4 mph and 
an exit angle of 9.7 degree . . 

The transition installation and bridge railing sustained mod
erate damage, as shown in Figure 7. The first post in the 
tran ·irion (i.e., Post l immediately up tream of the bridge 
railing end) became completely detached from the upper and 
lower rai ls and was displaced a maximum of 4.0 in. rearward 
and 7.0 in. laterally. Maximum permanent rail deformation 
was 5.0 in . for the upper rail at the first t:ran ·ition post and 
4.8 in. for the lower rail at the second post in the tran ition. 
Tbe maximum dynamic rail deflection was 12 in. Maximum 
displacement at the first bridge rail post wa 3. in. 

Damage to the vehicle i hown in Figure 7. The damaged 
areas included the left. side of the vehicle and the left front 
tire and rim. The left front wheel was pushed rearward a total 
of 9.5 in., causing the floor of the passenger compartment to 
be deformed slightly. The maximum crush was 12.0 in. at the 
front left corner of the vehicle. 

Sequential photogrnphs and a summary of the test results 
and other infom1ation pertinent to thi test are given in Figure 
8. The maximum 0.050-sec average accelerations experienced 
by the vehicle were - 8.4 g in the longitudinal direction and 
-12.6 g in the lateral direction . Occupant impact velocity 
was 28.0 ft/sec in the longitudinal direction and 27. 7 ft/sec in 

Occupant Ridedown 
Longitudinal. 
Lateral . . . . 

. ... 27.7 ft/s 
Accelerations 

. -6 .1 g 
.... -14.2g 

lateral direction. The maximum 0.010-sec occupant ride
down accelerations were - 6.1 g (longitudinal) and -14.2 
g (lateral). Although not required for the evaluation of a 
transition test, the occupant impact veloci ties and ridedown 
accelerations were all within the maximum acceptable limits. 

The vehicle velocity change of 18.4 mph was higher than 
the limit of 15 mph recommended in NCHRP Report 230. 
However, becau e the exit angle of 9.7 degree was substan
tially les than 60 percent of the impact angle and the vehicle 
trajectory indicated a minimal potential for intrusion into the 
adjacent traffic lanes the 15-mph criterion was not con idered 
applicable. 

Test 4 (0382-2) 

A 1981 Oldsmobile Ninety-Eight struck the box-beam guard
ra il 15 ft upstream from the beginning of the lran ition treat
ment at 61.3 mph and 27.2 degree . The vehicle wa smoothly 
redirected . As is typical of a flexible weak-post barrier ystem, 
the top box-beam rail eparated from the post at the clip 
angles on impact , and the vehicle contacted the post and 
pu hed them down . As th front of the vehicle approached 
the end o[ the lower rail attached behind tbe ninth post in 
the tran i·tion, the lower rail detached from its po ts allowing 
the vehicle to push it down and ride over it. A the vehicle 
proceeded down the rail, the lower rail continued to separate 
from the post at the clip angles. The vehicle exjted the rail 
traveling at 40.5 mph at a hallow angle. 

The box-beam guardrail and transition treatment u tained 
only minor damage , as shown in Figure 9. The fir t even 
po ts downstream from the point of impact (Posts 5 through 
9 of the transition treatment and Post 10 and 11 of the box
beam guardrail) were bent over and eparated from the upper 
and lower rail . The next four posts (Posts I through 4 of the 
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FIGURE 9 Barrier and vehicle damage after Test 0382-2. 

0.000 s 

Test No .... . . 
Date . . . . . . . 
Test Instal l at i on. 

Installation Length. 
Vehicl e . ... 

Vehicle Weight 

0 .170 s 

0382-2 
07/12/89 
Wyoming Bridge Rail 

Transition 
168.3 ft (51.3 m) 
1981 01 dsmobi le 

Ninety-Eight 

Test Iner tia ...... 4,500 l b (2, 043 kg) 
Vehicle damage Classification 

TAO. . . . . . . . . llLFQ-4 & llL0-2 
CDC . . . . . . . . . 11FLEK2 & l lLFESl 

Maximum Vehicle Crush . .. 12.5 in (31.8 cm} 
Maximum Dynamic 

Rail Deflection . . . .. 5.8 ft (1.8 m) 
FIGURE 10 Summary of results for Test 0382-2, 
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transition) remained upright , and the upper rail remained 
attached to these po ts. Post 6 of the transiti n wa completely 
pulled out from the soil. Maximum dynamic rail deflection 
was 5.8 ft at the eighth post of the transition. The vehicle 
remained in contact with the guardrail and transition treatment 
for a distance of approximately 62 ft. 

The vehicl su ·tained only mjnor damage, as indicated in 
Figure 9. Th damage was c nfined to tbe left side of the 
vehicle and the left front tire and rim. The maximum crush 
was 12.5 in. at the front left corner of the vehicle. Although 
slightly damaged, the left front wheel was not displaced 
rearward. 

Sequential photographs and a summary of the te l results 
ai1d other information pertinent to this te tare given in •igure 
10. Th maximum 0.050-s c average accelerations experi
enced by the vehicle were -4.4 gin the longitudinal direction 
and -4.8 g in the lateral directi n. Occupant impacl velocity 
was 21. l ft/sec in the longitudinal direction and L6.3 fU ec in 
the lateral direction. The maximum 0.010- ec occupant ride
down accelerations were - 8.0 g (longitudinal) and - .J g 
(latera15. Although not required for the evaluation of a tran
sition test the 0ccupant impact velocitie and ridedown 
accelerations were all within the maximum acceptabl limits . 

The vehicle velocity change o'f 20.8 niph wa higher than 
the limit of 15 mph recommended in NCHRP Report 230. 
However, the exit angle was very hallow and substantially 
les than 60 percent f the impact angle , and the vehicle 
trnj~clory indicated a minimal potential for intrusion into the 
adjacent traffic lanes. The 15 mph criterion was therefore not 
considered applicable. 

-~ .. ·~ .... · ... Aol· . . ~ . 

:- ·wr- · . . " 
- - 'ill~ "" 

- ~ ... -....:.. .. ' 

0.340 s 0. 510 s 

Impact Speed 
Impact Angle. 
Exit Speed. . . 
Exit Trajectory , . . 
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(Max. 0.050-sec Avg) 
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Lateral .. . 

61.3 mi/h 
27 .2 deg 
N/A 
N/A 

-4.4 g 
-4.8 g 

Occupant Impact Velocity 
Longitudinal . 21. l ft/s 

16 .3 ft/s 
Accelerations 

-8.0 g 

Lateral ... . 
Occupant Ridedown 

Longitudinal . . 
Lateral . ... . . . . -8 . l g 

(98.6 km/h) 

(6 .4 m/s ) 
(5.0 m/s ) 



TABLE 2 SUMMARY OF CRASH TEST RESULTS AND EVALUATION CRITERIA 

Evaluation Bri~ge Rai l Transition 
Factors Evaluation Criteria Test l Test 2 Test 3 Test 4 

Structural A. Test article shall smoothly redirect the vehicle; Yes Yes Yes Yes 
Adequacy the vehicle shall not penetrate or go over the 

installation although controlled lateral deflection 
of the test article is acceptable. 

D. Detached elements, fragments or other debris from Yes Yes Yes Yes 
the test article shall not penetrate or show 
potential for penetrating the passenger compartment 
or present undue hazard to other traffic . 

Occupant E. The vehicle shall remain upright during and after Yes Yes Yes Yes 
Risk collision although moderate roll , pitching and 

yawing are acceptable. Integrity of the passenger 
compartment must be maintained with essentially no 
deformation or intrusion. 

F. Impact velocity of hypothetical front seat passenger 
against vehicle interior, calculated from vehicle 
accelerations and 24 in. forward and 12 i n. lateral 
displacements, shal l be less than: 

Occupant Impact Velocity : 
Longitudinal: Limit - 40 fps, Desirable - 30 fps 20.9 25.l 28.0 21.1 
Lateral: Limit - 30 fps, Desirable - ZO fps 30.9* 29.5 27.7 16 .3 

and vehicle highest 10 ms average accelerations 
subsequent to instant of hypothetical passenger 
impact should be less than: 

Occupant Ridedown Accelerations: 
Longitudinal : Limit - 20 g's, Desirable - 15 g's - 2.7 - 5.8 - 6.1 - 8.0 
Lateral Limit - 20 g's, Desirable - 15 g's -10 .1 -12 .2 -14 .2 - 8. 1 

Vehicle H. After collision, the vehicle trajectory and final Yes Yes Yes Yes 
Trajectory stopping distance shall intrude a minimum distance , 

* 

** 

*** 

if at all, into adjacent traffic lanes. 

I. In test where the vehicle is judged to be redirected 
i nto or stopped wh ile in adjacent traff ic l anes, 
vehicl e speed change during test art icle col l ision 
shoul d be less t han 15 mph and the exit angle from 
the test article should be less t han 60 percent of 
test impact angl e, both meas ured at time of vehicle 
loss of contact with test device . 

Vehicle Speed Change: Limit - 15 mph 11. 4 17.4** 18 .4** 
Exit Angle: Less than 60 Percent of Impact Angle 7.1 4.6 9.7 

(12° for 20° impact angle and 15° for 
25° impact ang le ) 

The 30.9 fps lateral occupant impact veloc i ty was marginally higher than the limit of 30 fps. 
However , once the occupant impact velocity is adjusted to account for the higher vehicle impact 
speed of 61.l mph, it would fall within the limit at 29 .8 fps. 

20.8** 
N/A*** 

The limit of 15 mph speed change is considered as not applicable if the vehicle exit angle is less 
than 60 percent of the impact angle and the vehicle trajectory does not pose any potential hazard to 
vehicles in adjacent traffic lanes. 

The vehicle exit angle was not available since the vehicle was out of the overhead camera 's view at the 
point of exit. However , review of other camera angles indi cated that the exit angle would be less 
than 60 pe rcent of the impact angle . 
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Summary of Results of Crash Tests 

Results of the two era h te ts indicate that the Wyoming tran
sition treatment from a tandard box-beam guaJdrail to the 
steel tub -type br.idge rajl generally meet with the guidelines 
et forth in NCHRP Report230. The rail contained and moothly 

redirected the vehicle in both crash tests. There was minimal 
deformation or intrusi n into the vehicle occupant compart
ment. The vehicle exit angle and trajectory indicated minimal 
potential for intrusion into adjacent traffic lanes. fn addition 
the vehicle remained upright and table during the initial test 
period and after exiting the rail installation. 

SUMMARY 

The results of testing and evaluation of the urrent Wyoming 
stee l tube-type bridge rai ling sy tem and the development, 
testing, and evaluation of a box-beam guardrail tran ition for 
use witb this bridge railing system were presented. The crash 
te t results, as ummarized in Table 2 indicate that both the 
bridge rai ling and the box-beam trnnsition genera lly atisfy 
the guidelines et forth in N HRP Report 230. The steel tube
type bridge railing is currently on the approved list of bridge 
railing for use on Federal-Aid projects. The box-beam guard
rrul transition i currently under review by FHW A for apprnvaL 

TRANSPORTATION RESEARCH RECORD 1258 

REFERENCES 

1. K. K. Mak and D. L. Bullard. Testing and · va/11atio11 of Wyoming 
Tube-Type Bridge Rail. Rcpori 11 Pr ject 0368. Texas Transpor
tation Jn Litutc, Texas A&M University, College lntion , March 
1988. 

2. K. K. Mak , R. P. Dligh , . - . Buth , and D. L. Bullard. Devel· 
op111e111 of Box-Beam Guardrail Tra11Sitio1110 Wyoming Steel T11/J -
Type Bridge Railing. Report on Project 0382. Texas Tran porw
iion l.nstitut " Tex;1s A&M University , ollegc tat ion. Aug. 1989. 

3. J. D. Michie. N HR/' Repon 230: Recommended Procedures for 
tltc Safety Pe1f armance Eva/11atio11 of Higl1111ay App1menance . 
TRB. National Rr~ ··;ire! uncil , W:.ishingt n, D. .. 1981. 

4. R. P. Bligh. D. L., icking t1nd H. . Ros , Jr. Devel pmcnt or 
a Strong Beam Guardrail-to-Bridge-Rail Tnm ition . In 7i"a11spor
tmion Research Record 1198. TRB, NaLional Research ouncil , 
Wa hington D . .. , 19 , pp. 105-116. 

5. M. •. Bronstad, L. R. ilcote, M. H. Ray, and J. B. Mayer. 
Guart/r(li/-Bridge Rail Transition Design . . Report PHWA-RD-86-
178. FHWA, U.S. Department of Transportation 1986. 

6. E. R. Post, R. J. Duby, D. F. Ronnan, and M. D. re ·s. Fu ll
Scale Vehicle rash Te ts on Guardrail-Bridgerail Transition Designs 
wilh Special Post pa1:ing. Jn 1iw1sponatio11 Research Record 1198. 
TRB. National Research uncil , Wa hington D. ., 1988, pp. 
11- 30. 

7. G. H. Powell. A Co111p111er Program for Evaluation of Alllomobile 
Barrier Systems . Report FHWA-RD-73-51. FHWA , U.S. 
Department of Transportation, 1973. 



TRANSPORTATION RESEARCH RECORD 1258 71 

Rollover Caused by Concrete Safety
Shaped Barrier 

KING K. MAK AND DEAN L. SICKING 

The results of a tudy . ponsored by the Federal Highway Admin
istration and conducted at the Texa Tran portation institute that 
examined the i sue of rollovers caused by concrete safety- haped 
barriers are presented. The study objectives were to determine 
the extent and everity of overturn colli ion with concrete afety
shaped barriers, identify the cau es of rollover of vehicles in impact 
with concrete afety-shaped barriers , and id ntify potential 
countermeasures to reduce concrete safety-shaped barrier· rn ll
overs. The tudy approach con isted of a critical review of the 
literature, clinical and tati tical analysis of accident data file , 
and computer simulation. The extent of the rollover problem on 
concrete. afety- haped barriers was fouud to be le s than reported 
in previous literature. A number of impact condition were iden
tified from accident tudies and confirmed by imulation a poten
tial contributory factors to rollover . Three alternative barrier 
hape were evaluated as potential countermeasure ·: ~-sh.ap~ 

constant slope, and vertical wall. Results of the evaluation 111d1-
cate that the F- haped barrier offers little performance improve
ment over the existing safety shape. The vertical wall barrier 
offer · the greates1· reduction in rollover potenlial, but wi1h the 
gTeate t increa. e in lateral acceleraiions. The constant loped 
barrier may provide tbe be t compromi e olution. 

The concrete safety- haped barrier has been one of the mo t 
popular types of barrier since its introduction in the early 
1960 , and hundred of mj)es of such barrier. are in u e on 
the nation's highways. Although the degree to which the con
crete safety-shaped barrier has been succe · fu t in reducing 
deaths and sedou. injuries is unknown, results from various 
full- cale era h tests . uggest that the benefits are substantial. 
Hundreds, perhap thousands, of lives may b aved each 
year because of the deployment of these barrier . 

The original research on and development of the concrete 
safety- haped barrier began in the 1950s at the General Motor 
Proving Grounds in Milford , Michigan . In Lhe intervening 
years, further research sponsored by the Federal Highway 
Administration (FHWA) continued the development and 
improvement of this barrier. Advantages of the concrete safety
shaped barrier are several: 

•The design of thi barrier, with its inclined lower surface 
is intended to minimjze or prevent damage to vehicles during 
low-angle impacts. 

• The concrete safety-shaped barrier is a rigid barrier that 
does not deflect to any appreciable degree, even under severe 
impact conditions. 

•Compared with flexible longitudinal barriers (e.g., W
beam guardrails) , the maintenance costs for the concrete safety
shaped barrier are negligible. 

Texas Transportation Institute, Texas A&M University System, 
College Station, Tex. 77843. 

Although the concrete safety-shaped barrier i an important 
development in the continuing effort to safely restrain and 
redirect errant vehicles on the highway , it is not a panacea. 
One concern regarding the performance of concrete safety
shaped barriers is the increased likelihood of vehicle rollover 
on impact with rhi barrier , especially for small cars (i.e., car 
weighing Jes than 2,250 lb) and vehicles with high centers of 
gravity (e.g., pickup trucks and vans) , not to mention large 
truck intercity buses, and school bu e . 

Past research ha. provided some in ights into the variou 
aspects of the roll ver prob lem in general and with regard to 
concrete afety-shaped barriers in particular. 

• Smaller passenger cars, with reduced roll and yaw moments 
of inertia, are more prone to overturn than larger passenger 
cars. 

• The relative severity of ·ingle-vehicle rollover accident 
is much higher than that of nonrollover single-vehicle acci
dents. 

•The potential for overturning during concrete safety- haped 
barrier impacts i affected by seemingly mall variation in 
the profile of the barrier. The approach geometrics of the 
roadside and the Criction coefficient of the barrier may also 
play important roles in tbe propensity for rollover. 

• The concrete safety- haped barrier was not designed for 
impacts involving large trucks, intercity buses, or school buses; 
such impacts frequently result in rollovers . 

This paper presents the results of a study pon ored by 
FHWA and conducted at the Texas Transportation Institute 
(TII) that examined the is ue of rollovers caused by concrete 
safety-shaped barrier (J). The study objectives were to deter
mine the extent and severity of overturn colli ions with con
crete afety-shaped barrier , identify the causes of rollover of 
vehicles in impacts with concrete safety-shaped barrier , and 
identify potential countermeasures to reduce concrete afety
shaped barrier rollovers. 

RESEARCH APPROACH 

The research approach for the study consisted of three major 
activities: literature review, accident studies, and simulation 
studies. 

Literature Review 

Available literature relating to rollover accidents on concrete 
safety-shaped barriers as well as rollover and small car safety 
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in general was criticiilly r vi wed to blain in ·ights int the 
problem being studi ed . Jn gen rat , a re latively Jarg number 
of potential information sources relating t concrete safety
shaped barrie rs and rollove r accidents were identified through 
the literature search. H wever, many f the references reviewed 
were found to contain little information useful to this study. 

Accident Studies 

A number of available accident data files were considered for 
use in the accident studies. The following three data files were 
eventually selected for use in the analyses: 

•The Texas barrier accident data file, 
•The Texas concrete median barrier (CMB) accident data 

file, and 
• The National Accid nt Sampling System (NASS) Lon

gitudinal Barrier Special tudy (LBS ) data file. 

Brief descriptions of these accident data files are provided 
below. 

Texas Barrier Accident Data File 

This dala file contained all police-report d longitudinal bar
rier accidents on urban Tnterstates and fre eways in Texas fo.r 
!h 3-year period 1982 to 1984 (more than l 331 barrier 
accidents 6 728 of which involved median barriers). This data 
file wa used in the preliminary analy i and limited to general 
descriptive sra ti ti s. 

The limited use of this data file was the result of a number 
of problem identified in the preliminary analy i an I a man
ual check using printed copies of police accident r port for 
a samp)e f highway sections. FiJst concrete safety· hapecl 
barrier were not specifically iden tified in the accident report. 
nor were the locations of these barriers avai lable Crom any 
computerized data file. The manual check found that less than 
half of the CMB accidents were correctly identified in the 
computerized data fil e_ , econd, rollover wa · not ·pecifically 
identified in the accident report _ Damage t the top of the 
vehicle wa. initially used as a surrogate for rollover but the 
manual check found that less than half of the rollover 
accidents were correctly identified using this approach. 

Texas CMB Accident Data File 

Because of the problems with computerized accident data files 
discussed, a second data file was created using a manual proc
ess. First, the locations of concrete median barriers were iden
tified through contacts with the major urban districts of the 
Texas tate Department of Highways and Public ranspor
tation (SDHPT). The location information on the CMBs was 
then computerized and merged with the Texas barrier acci
dent data file. Of the total 6,870 median barrier accidents on 
urban Interstates and freeways , 1,964 were identified as 
involving CMBs through this location-matching process. 

Printed copies of police accident reports on these CMB 
accidents were obtained from the Texas Department of Public 
Safety. The police accident reports were reviewed 111<1111rnlly 
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to verify barrier 1ype and rollov r involvement. Also, sup
plemental data that were not avai lable in lh compul rized 
acciden t data fil , but that might be gleaned from manua l 
r view of the police accident reports were coded fr m the 
reports. The supplemental data included indications as to 
whether the impa t was with or near the end of the media n 
barrier, the impact sequence, and whether the vehicle ' as 
spinning or skidding sideways before impact with the concrete 
median b rrier. 

The supplementRI data were then entered into the computer 
:mn merged with the accident data file. Of the 1 ,964 <t~cidcnt 
in the data file , 125 w r liminated for various rea on , uch 
as accidents n I involving concrete median barriers or other 
incorrect codes. The usable num er f accident in 1he Texas 
CMB accident data fil e wa therefore 1,839. 

The Texas MB data file was based on police level ac ident 
data upplemented by man ual review and coding of the acci
dent reports . It did nor contain any detailed informa ti n on 
impact ndlti ns. The quali1y f the data was limited to that 
of th police accident reports . The Texas MB data file was 
therefore used mainly for determining the extent of the roll
over problem and for some limited analysis on the causative 
or contributory factors associated with rollover involvement. 

NASS LBSS Data File 

'l'he NASS program is a continuing crash data collection effort 
sponsored by the National Highway Traffic Safety Adminis
tration (NHTSA). Teams of trained investigators, under con
tract to NHTSA, collected data on a statistical sample of 
accidents at selected locations throughout the nation. The 
LBSS study was sponsored by FHW A and conducted as a 
special study under the NASS program. NASS investigators 
were specifically trained for this data collection effort. The 
data collection forms and protocol were specifically designed 
for impacts involving I ngitudinal barrier. For these reasons 
detailed information on impact conditions wa ollected. 

A total of 130 NASS LBSS cases involving c ncrete safe ty
shaped barriers were identified for the years 1982 to 1984. 
The sample size is clearly too small for any form of statistical 
analysis. Thus, the analysis of the LBSS data file was mainly 
clinical in nature. Printed copies of these 130 LBSS cases were 
fir t reviewed for accuracy and c rr cted as appropriate. The 
accidents were then reconstructed 10 estimate impacl speed 
using a . implified recon truction pro edure le eloped spe
cifically for impacts involving concrete afcty- haped barrier . 

A total of 31 rollover accident cases were identified from 
the 130 NASS LBSS cases. After further review, 9 of the 31 
cases were excluded from the analysis, including 6 cases in 
which the rollovers were not related to Lite barriers and 3 
cases involving tractor-trailers. The remaining 22 cases were 
then clinically analyzed to determine pote ntial causative 
factors and conditions contributing to the vehicle rollovers. 

Simulation Studies 

A version of the HVOSM-RD2 program modified specifically 
for use with rigid barrier impacts was used for the simulation 
study. Most of the original modifications were acco111µlisheJ 



Mak and Sicking 

under NCHRP Project 22-6, whereas some of the refinements 
to handle unusual impact conditions were accomplished under 
this study (J,2). Modification to the simulation pr gram 
included improvement to the heet metal- barrier interaction 
m del the u pension damping model and the tire normal 
force model. The modified program was validated exten iveiy 
u ing data from available crash test results. Becau of lim
itations associated wi lb the program's thin disk tire model, 
HVOSM could not be adequately validated for very low angle 
impacts (i.e., 5 degrees or less). Although thi limitation 
restricted the use of the program for simulating some impacts 
of interest to this study, HVOSM is believed to be the best 
available tool for analyzing rigid barrier impacts. 

The modified simulation model was used to evaluate the 
potential for concrete safety- haped banier to cau e vehicle 
rollovers and to assess pote.ntial barrier improvements to mi11-
imize the identified rollover problems. The simulation effort 
was divided into three parts: a baseline evaluation of the 
concrete afety-shaped barrier, an evaluation of contributory 
factors identified in the accident analysis, and a study of potential 
countermeasures to minimize the rollover problem. 

Baseline Simulations 

The first step in the simulation effort involved simulation of 
27 impact condition that were believed to be representative 
of 11 majori ty of concrete barrier impact . Re ults of the e 
simulations provided a basis for comparing the exist ing ·hape 
with any potential modifications. 

Simulation of Contributory Factors 

Factors identified from accident analysis as causative or con
tributory to vehicle rollover during impacts with concrete safety
shaped barriers were verified with simulation . The factors 
eva luated included impact conditions that might increase the 
propensity for vehicle rollovers, such a impact ·peed and 
angle and vehicle orientation. These impact conditions were 
simulated for a variety of vehicle sizes to better understand 
the nature of concrete barrier impacts, especially those impact 
conditions resulting in rollovers. 

Simulation of Potential Countermeasures 

After analyzing the accident data and the simulation efforts, 
countermeasures to reduce the significance of the rollover 
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problem were identified. This phase of the simulation effort 
evaluated the eff ctiveness of each of these p tential 
countermeasures. All impact conditions identified as potential 
contributors to vehicle rollover under the second phase of the 
simulation effort were simulated with each proposed 
countermeasure. 

The effectiveness of each countermeasure was then eval
uated by the proportion of rollover conditions that were elim
inated. All baseline simulation runs were then conducted for 
the best countermeasure. Comparisons between the baseline 
runs on the standard concrete safety-shaped barrier and the 
best countermeasure were then conducted to assess changes, 
if any, in measures of the potential for occupant injury and 
vehicle damage, such as lateral acceleration levels and extent 
of vehicle crush. 

CONCLUSIONS AND RECOMMENDATIONS 

Highlights of the major findings and conclu ' ions of the tudy 
are ummarized and discussed together with recommendations. 

Findings and Conclusions 

Extent of Rollover Problem 

Analysis of the Texas CMB file indicated that rollover occurred 
in 8.5 percent of the accidents in oloving concrete afety-
haped barriers. This is somewhat lower than the rollover rate 

reported previously [e.g. , California reported a rollover rate 
of 9.9 percent (3; K. Side , unpublished data)] . However 
much of the diffe.rence could be artributed to the difference 
in the proportion of smaller cars between Texas and California. 

The everity of rollover accidents was much higher than 
that of nonrollover accidents , as indicated in Tabl.e 1, based 
on the Texas CMB data file. The percentage of drivers sus
taining some form of injury in rollover MB accidents was 
68. percent compared with only 40.S percent for nonrollover 
CMB accident . Difference were more pronounced for more 
severe injurie . For incapacitating injuries, the percentages 
were 11 .5 percent for rollover CMB accidents and only 6.0 
percent for nonrollover CMB accidents. The driver fatality 
rate for nonrollover CMB accidents wa only 0.1 percent; that 
for rollover CMB accidents was 1.3 percent. Similar results 
were found when the highest injury sustained in an accident 
was considered instead of driver injury. 

TABLE 1 INJURY SEVERITY BY ROLLOVER INVOLVEMENT (TEXAS CMB DATA 
FILE) 

Oriv11r Injur:t Highe~t Injur:i: 
Non ro]]QV!ilr Bol l over NonrQl lover Rol lover 

In jui::t ~~V!lr H:t No. % No. % ~Q. % NQ. ~ 
No Injury 988 59.5 49 31. 2 890 53.0 44 28 . 0 
Possible Injury 182 10.8 18 11. 5 209 12.5 19 12.1 
Nonincapacitating Injury 406 24.2 70 44.6 456 27.2 71 45 .2 
Incapacitating Injury 100 6.0 18 11. 5 115 6 .. 9 21 13 .4 
Fatal -1 _Q.l _l --1...1 _ 8 ___Qd --' --1...1 

Total 1678 100.0 157 100.0 1678 100.0 157 100.0 
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In the analysis of NASS LBSS accident cases, it was found 
that 6 of the 31 r Hover accidents 19.4 perc nt) were not 
related to the barrier itse lf and would have occurred rcgardle ·s 
of the barrier type. Because the LB ' accident cases were 
not sampled on a representative basis , it is not possibl to 
determine the proportion of rollover involving c ncrete af ty-
haped barriers lhat are not attributable to the barrier. How

ever, it i evident that the proportion of the rollover prob
lem for co ncrete safety-shap cl barriers treatable by 
countermeasures i less than the 8.5 percent indicated. 

Though the extent of the rollover problem was found to be 
less than previously reported, this does not mean that rollover 
is not a problem for concrete safety-shaped barrier , bul on ly 
that the pr blem is Jess extensive than anticipated. Given the 
severe nature of r Hover accidents efforts to identif poten
tial improvements to th concrete safety-shaped barrier to 
reduce the propensity for rollover should continue. 

Causative or Contributory Factors 

Police level accident data , even with manual review of printed 
copies of the police accident reports are not detailed enough 
to identify factor tbat cause or contribute to r Hovers on 
concrete safety-shaped barriers. Nonetheless, analysis of the 
Texas CMB data file identified everal factors that are 
correlated with rollover involvement. 

• The rollover rate was found to be lower under adverse 
weather and surface conditions, as indicated in Table 2. This 
might be attributed to the lower coefficent of friction, which 
would reduce the buildup of large side forces for tripping 
vehicles, under wet or snowy and icy urface conditions. 
Reduced operating speeds associated with adverse weather 
conditions could also contribute to the lower rollover rate. 
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• The rollover rate was found to be lower for vehicles that 
skid or rotate before impact with the barrier, as indicated in 
Table 3. Review of the NASS LBSS accident cases confirmed 
this finding. 

• There is a definite relationship between vehicle size and 
weight and rollover involvement, as illustrat d in Figur l. 
The rollover rate oflightervehicleswa much hjgher than that 
of their heavier counterparts. This problem is inherent in the 
nature of small vehicles because of their narrow track width 
and low roll and yaw moments of inertia. However, these 
basic problems with small vehicles could be further aggravated 
by the shape of the concrete safety-shaped barrier. 

Analysis of the NA LBSS accident cases provided much 
more information and insight into potential causat ive or con
tributory factors for rollover despite tbe small ample ize. 
Three impact condition were identified as potential factors. 
The de cript r used to define the impact conditi.ons are in 
accordance with vehicle simulation conventions and are as 
follows: 

1. A vehicle is tracking when the vehicle heading and the 
velocity vector of the vehicle are the same. 

2. A vehicle is yawing when the vehicle heading is different 
from that of the velocity vector. 

3. The angle between the vehicle heading and the barrier, 
expressed in degrees , is the yaw angle. 

4. Tbe rate at which the vehicle heading angle is changing, 
expressed in degrees per second, is the yaw rate. 

5. The angle between the vehicle headlng angle and it. 
velocity vector, expr ed in degree , i the slip angle. 

6. The angle between a vehicle's vel city vector and the 
longitudinal axi of the barrier at the point of initial contact 
with the barrier, expressed in degrees, is the impact angle. 

7. The velocity of tbe vehicle ai th point of initial contact 
with the barrier i the impact speed. 

TABLE 2 ROLLOVER INVOLVEMENT BY SURFACE CONDITION 
(TEXAS CMB DATA FILE) 

Iotal As;;s;;i dents Rol lo~er Involvement 
Syrf~ce Condition No. % No. % 

Dry 1226 66 .7 139 11.3 
Wet 573 31. 2 17 3.0 
Snowy/Icy ___iQ --1...1 _1 _L_2 

Total 1839 100.0 157 8.5 

TABLE 3 ROLLOVER INVOLVEMENT BY VEHICLE ATTITUDE (TEXAS 
CMB DATA FILE) 

Total As;;cidents Rol] over Invol vement 
~~hi~l~ Attjtude No . % No. % 

Skidding Sideways/ 683 37.1 37 5.4 
Rotating 

Tracking 965 52.5 101 10.5 
Unknown/Unsure _ill -1.Ll _12. 10.0 

Total 1839 100.0 157 8.5 
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The three jmpact conditions were as follows, where " mod
erate" impact speed means 25 to 50 mph and ' high " impact 
speed means more than 50 mph: 

• High impact angle (at least 25 degrees) and moderate to 
high impact speed· 

•High slip angle (at least 30 degree') low to moderate 
yaw rate and moderate to high impact peed [vehicles that 
were rotating at impact (i.e., with a high yaw rate) were found 
to be less likely to result in rollovers] ; and 

•High impact peed and low impact angle (not more than 
10 degree.) for vehicles in a tracking mode (i.e., slip angl 
not more than 15 degrees). 

Table 4 shows a comparison between rollover and nonroll
over accidents on these three impact conditions. Eight (36.3 
percent) of the 22 rollover accidents involved high impact 
angles compared with only 10.3 percent for no.nrollover acci
dent . The vehicle would typically climb rhe lower loped face 
of the barrier and continue to climb the upper sloped face of 
the safety shape without any significant redirection. This would 
cau e the vehicle to attain a high roll angle away from the 
barrier as the vehicle began to redirect and separate from the 
barrier, leading to rollover. 

This finding is consistent with the results of a full-scale era ·h 
test of an 1,800-lb Honda Civic that struck a safety-shaped 
barrier at 27 mph and 52 degrees and subsequently rolled over 
(4). However another test with a 3,600-lb full - ize passenger 
car impacting the barrier at 40 mph and 45 degree did not 
result in rollover (5). These are the only two crash te ts avail· 
able with such high impact angles. The normal impact angles 

used for crash testing are 15 to 25 degrees, substantially lower 
than some of the impact angles observed in these accidents. 

Four (18.2 percent) of the 22 rollover accidents involved 
vehicles yawing into the barriers with high slip angles at mod
erate to high impact speeds. In comparison, 20 (34 .5 percent) 
of the 58 nonrollover accidents had similar impact condition, 
but did not result in rollovers . The major difference observed 
between the rollover and the nonrollover accidents under 
these impact conditions pertained to the. yaw rate or the rate 
at which the vehicle was rotating or spinning. 

For the rollover accidents, the yaw rates were usually low 
to moderate and the vehicles principally skidded sideways. 
The vehicle would roll slightly into the skid as it struck the 
barrier. The roll angle would continue to increase as the vehi
cle crashed into the barrier, leading to rollover. On the other 
hand , review of nonrollover accidents indicated that most of 
the vehicles principally rotated with high yaw rates as the 
vehicles struck the barriers. The vehicle would typically con
tinue to rotate after the initial impact with the barrier and 
then strike the barrier a second time with the rear corner. 
The roll angle of the vehicle was usually fairly small and the 
second impact would generally stabilize the trajectory of the 
vehicle as it separated from the barrier, thus preventing 
rollovers. 

As discussed previously, results from the analysis of the 
Texas CMB accident data file indicated that the vehicle skid
ding sideway or rotating prior to impact with the barrier was 
a fairly common impact condition composing 37 percent of 
the accidents involving concrete safety-shaped barriers. Fur
ther, vehicles skidding or rotating at impact were found to 
have lower rollover rates than tracking vehicles. This suggests 
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TABLE 4 ROLLOVER AND NONROLLOVER ACCIDENTS BY IMPACT CONDITION 
(NASS LBSS DATA FILE) 

Ro] l over Nonrollover* 
Imnact CQndition No. % No. ..1.. 

1 8 36.3 6 10.3 
2 4 18.2 20 34.5 

and 2 1 4.5 5 8.6 
3 5 22.7 1 1. 7 

Other __! ~ l§ 44.8 

Total 22 100.0 58 100.0 

* Only 58 of the 99 nonrollover accident cases have all three data elements 
(i.e., impact speed, impact angle, and slip angle) available. 

Impact 
Condition Description 

High impact angle (>= 25 degrees) and moderate (25-50 mph) to 
high (> 50 mph) impact speed. 

2 High slip angle (>z 30 degrees), low to moderate yaw rate and 
moderate (25-50 mph) to high (> 50 mph) impact speed. 

3 High impact speed (> 50 mph) and low impact angle (<= 10 degrees) 
for vehicles in a tracking mode (i.e., slip angle<= 15 degrees). 

that only a small proportion f the vehicles wer skiddin 
si.deways at impact (i.e. had high slip angle and low yaw 
rates) and that most of the vehicles were rotating at impact 
(i . . , had high yaw rates). 

Five (22 .7 percent) of the 22 rollover accidents involved 
vehicles striking the barriers in a tracking mode at high impact 
speeds and low impact angles, compared with only 1.7 percent 
of the nonrollover accidents. T he vehicle would typically quickly 
climb to rbe top of the lower sloped face of the safely shape 
and then lowly climb the upper sloped face . Because o the 
high impact speeds, the vehicle would climb higher and stay 
on the barrier longer than normal. The vehicle would even
tually roll away from the barrier as it separated from the 
barrier. 

Concrete glare screens were found on top of the concrete 
safety-shaped barrier in two of the high-speed, low-angle roll
over accidents. It appeared that the glare screen would act as 
an extension to the top of the safety-shaped barrier thereby 
causing the vehicle to climb higher on the barrier than without 
the glare screen. This allowed the roll angle on the vehicle to 
go higher than normal, leading to rollover. 

In some of the rollover accidents, the vehicles separated 
from the barriers in a relatively stable fashion and then began 
to rotate after separation and subsequently rolled over. These 
rotations were probably Lhe resull of driver braking and steer
ing inputs or damage to the front suspension from impact with 
the barrier or a combination of these factors. It is arguable 
whether the subsequent rollover was related to the shape of 
the barrier. 

Lateral displacement of the barrier segments was found in 
one rollover accident . Crash tests have shown that lateral 
barrier displacement during impact increases the time that a 
vehicle is in contact with the lower curb surface and reduces 
the slopes of all surfaces as the barrier leans away from the 
vehicle. As u result, the vehicle climbs highe1 u11 Lhe barrier 

and the propensity for rollover · increa ed. Lateral displace
ment of the barrier is usually n t a problem for permanent 
barrier installations , but is certainly an area of concern for 
temporary installations, such as construction zones. 

The majority of the rollover accidents in the NASS-LBSS 
file occurred under dry surface conditions. This is consistent 
with accident analysis re ults which indicated that tbe pro
pcn ·ity for rollover after impact with a concrete safety- haped 
barrier was actually lower w1der a wet or nowy and icy ur
face condition than under a dry surface condition. The reduced 
coefficient of friction under a wet or snowy and icy surface 
condition might have prevented critical ide forces from build
ing up and tripping the vehicle. Lower operating speeds typ
ical of adverse urface conditions might also have contributed 
to the reduced incidence of rollover. 

Figure 2 compares impact speed in rollover and nonrollover 
accidents. It is evident from the figure that rollover accidents 
were as ociated with mu h higher impact speed than n n
roJJover accidents. None of the rollover accidents had an impact 
speed of le s l11an 25 mph , compared with 30 percent of the 
nonrollover accidents. On the other hand, 7. percent of the 
rollover accidents had impact peeds of over 50 mph compared 
with o.nly 14 percent of the nonrollover accidents. 

Smaller and lighter vehicle were found to be dispropor
tionately involved in rollovers a · illustrated in Figure 3 where 
the cumulative di tributions of vehicle curb weights for rol
lover and nonrollove r accidents are hown. The median (50th 
percentile) vehicle curb weight for rollover accidents was 2 500 
lb whereas that for nonrollover a cident wa 3 J50 lb . It is 
intere ting lO note that Lhe weight of the v hide appears to 
have less of an effect on rollovers in high-angle irnpactl with 
a higher median vehicle curb w ight of 2,700 lb. 

Some of the characteri tics identified in prcviou studie a. 
affecting the propensity f r rollover (e.g., height of reveal 
and lower curb t'ac lope and offset of upper face, barrier 
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surface friction, and approach terrain) did not appear to play 
a part in any of the rollover accident cases stu lied. This find
ing apparently reflects the lack of variation in barrier hap 
and dimensions that would allow their effects to be asses ed . 
Further, all barriers involved in rollover accidents had flat 
approach terrain and only one had an unpaved shoulder. Con
sequently, the effects of approach terrain on the propensity 
for rollover could not be properly assessed. 

On the ba i of the results of the clinical analysis, the fol
lowing four factors, or conditions, were selected for further 
evaluation in the simulation studies: 

• High-angle impacts with moderate to high impact spe els; 
•Impacts with high slip angle , low yaw rates, and mod

erate to high impact speeds; 
• Impacts with safety-shaped concrete barriers with glare 

screens; and 
• Low-angle impacts with high impact speeds. 

As discussed previously, HVOSM was not well validated 
for very I w impact angle . Thu the fina l impact condition 
selected for evaluation in this tudy, low-angl and higli.speed 
impacts could not be included in th imulation effort. These 
limitations notwithstanding, the simulation results generally 
supported findings from the accident studies , as described 
below. 

The significance of vehicle rollover during high-angle impacts 
was inve tigated by conducting 12 HVOSM simulations with 
each of three classes of vehicles-l,800 lb 3,800 lb, and 4,500 
.lb. T he L2 combination. of impa l peed and impact angle 
are listed in the first two column of Table 5. The simulation 
results indicated t11at only small cars were ignificantly sus
ceptible t rollover during l1igh-angle impacts. Rollover f r 
mini- ize vehicle were predicted even for some moderate
speed impacts. 

Impacts with high slip angles and low yaw rates were eval
uated tbrough the simulati n of barrier accidents involving 
yaw angles ranging from 45 to 75 degrees with a yaw rate 
of 15 degrees/ ec. The 18 combinations of impacL peed, im
pact angle, and yaw angle are listed in the first three columns 
of Table 6. HVOSM simulations of run-off-road accidents 
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has indicated that most automobiles can attain yaw rates in 
excess of 45 degrees/sec during teering maneuvers. Thus, the 
15-degree/sec yaw rate was cho en a r presentativ of a 
relatively low yaw rate for a nontracking vehicle. 

HVOSM simulation of impacts with safety- haped arriers 
with glare creens was limited to moderate-angle impact as 
a result of the aforemenU ned limitations of the program's 
tire model. The program predicted that glare screens did not 
significantly destabilize vehicle during impacts at speed ranging 
from 30 to 60 mph and angles ranging from 7 to 25 degrees. 
On the basis of these simulation fi11Jings, Chere is no reason 
to believe that glare screens adversely affi ct the perf nnance 
of concrete safety- ·haped barriers under normal crash te t 

conditions. However, the question of the effects of a glare 
reen for low-angle impacts remains unanswered. 
The simulation of concrete afety-sbaped barrier impacts 

involving unusual impact conditions did upport findings from 
the accident data ana lysis de cribed previou ly . However, 
afety-shaped barriers performed relatively well for the majority 

of impact condition (moderate-angle, tracking impa ts). 

Potential Countermeasures 

The extent of the rollover problem on concrete afety- haped 
barriers is not considered serious enough to warrant retr -
fitting of existing barrier . Therefore, only potential 
countermeasures that are applicable to new construction were 
included in the evaluation. This does not mean that rollover 
is not a problem for concrete safety- haped barriers; rather 
it is believed that retrofitting of existing barriers would not 
be cost-effeclive. 

Three alternative shapes were selected for evaluation as 
potential countermea ur to reduce ro.llover rates: F-shape, 
constant slope and vertica l wall. The F-shape uses tbe basic 
safety-shape configuration wi Lh a smaller lower curb face 
whereas tbe constant lop d barrier con. i ts of a single, near
verlical face. Each of these alternate hape · was evaluated 
through ·imulation of impact conditions that were identified 
as potential contributors to rollover for the standard concrete 
safety-shaped barrier. Results of the evaluation are summa-

TABLE 5 SUMMARY OF HVOSM SIMULATIONS OF IMPACTS WITH MINI-
SIZE VEHICLES AT HIGH ANGLES 

Impact Impact Predjct~d M~ximum Bol] Bngle (deg} 
Speed Angle Conc rete Safety F Shaped Constant Sloped Vert ical 
(m11hl (deg} Sh~ll~d H~rrier Barr:igr Barri~r Wall 

30 35 35 15 14 27 
30 45 58 24 53 6 
30 60 N/A > 90 35 8 
30 75 N/A 56 15 N/A 

45 35 30 23 32 IO 
45 45 > 90 33 28 17 
45 60 > 90 > 90 13 > 90 
45 75 N/A 31 15 N/A 

60 35 36 > 90 7 27 
60 45 > 90 > 90 > 90 54 
60 60 > 90 > 90 24 > 90 
60 75 N/A 50 13 > 90 



TABLE 6 SUMMARY OF HVOSM SIMULATIONS OF IMPACTS WITH MINI-SIZE 
VEHICLES AT HIGH SLIP ANGLES AND LOW YAW RATES 

Impact Impact Yaw eregicted Ma~imum Ro]l Angle (deg} 
Speed Angle Angle Concrete Safety F Shaped Constant Sloped Vertical 
(m11hl (deg} (deg} Sha11gd Barrier Barrier Barrier Wall 

30 15 45 > 90 > 90 > 90 27 
30 15 60 > 90 > 90 53 6 
30 15 75 25 > 90 49 8 

45 15 45 > 90 > 90 > 90 N/A 
45 15 60 > 90 > 90 > 90 10 
45 15 75 > 90 > 90 > 90 17 

60 15 45 > 90 > 90 > 90 > 90 
60 15 60 > 90 > 90 56 N/A 
60 15 75 > 90 > 90 45 27 

30 25 45 > 90 > 90 > 90 54 
30 25 60 > 90 > 90 35 > 90 
30 25 75 > 90 18 25 > 90 

45 25 45 > 90 68 > 90 N/A 
45 25 60 > 90 > 90 > 90 10 
45 25 75 > 90 > 90 68 17 

60 25 45 > 90 45 > 90 > 90 
60 25 60 > 90 > 90 12 N/A 
60 25 75 > 90 > 90 31 27 

TABLE 7 SUMMARY OF HVOSM SIMULATIONS OF IMPACTS WITH MID-SIZE 
VEHICLES AT HIGH SLIP ANGLES AND LOW YAW RATES 

Impact Impact Yaw Predicted Maximum Roll Anglg (dgg} 
Speed Angle Angle Concrete Safety F Shaped Constant Sloped Vertical 
(m11hl (deg} (deg} ShaL)eQ Barrjer Barrier Barrier W!lll 

30 15 45 10 9 14 27 
30 15 60 9 5 53 6 
30 15 75 6 6 35 8 

45 15 45 16 11 15 N/A 
45 15 60 11 6 32 10 
45 15 75 6 6 28 17 

60 15 45 20 17 13 > 90 
60 15 60 > 90 11 15 N/A 
60 15 75 7 5 7 27 

30 25 45 16 12 > 90 54 
30 25 60 10 5 24 > 90 
30 25 75 5 6 13 > 90 

45 25 45 20 17 15 N/A 
45 25 60 > 90 24 32 10 
45 25 75 6 5 28 17 

60 25 45 24 19 13 > 90 
60 25 60 > 90 > 90 15 N/A 
60 25 75 10 6 7 27 



80 TRANSPORTATION RESEARCH RECORD 1258 

TABLE 8 SUMMARY OF HVOSM SIMULATIONS OF IMPACTS WITH FULL-SIZE 
VEHICLES AT HIGH SLIP ANGLES AND LOW YAW RATES 

Impact Impact Yaw Predj~ted Maxjmum Roll Angle (deg) 
Speed Angle Angle Concrete Safety 
(mph) {deg) (deg} Sha!l~Q Barrier 

30 15 45 12 
30 15 60 6 
30 15 75 6 

45 15 45 19 
45 15 60 8 
45 15 75 7 

60 15 45 20 
60 15 60 22 
60 15 75 7 

30 25 45 18 
30 25 60 8 
30 25 75 6 

45 25 45 20 
45 25 60 36 
45 25 75 7 

60 25 45 23 
60 25 60 63 
60 25 75 18 

rized in Tables 5 through 8. General findings from this 
simulation effort are as follows. 

• The F-shaped barrier offers little performance improve
ment over the concrete safety-shaped barrier for these impact 
conditions. 

• The constant sloped barrier with an 80-degree slope offers 
some rollover reductions while slightly increasing lateral vehi
cle accelerations . 

• The vertical wall barrier offers the greatest reduction in 
rollover potential, but with the greatest increase in lateral 
accelerations. 

Baseline runs were repeated with the vertical wall barrier 
to generate a basis for comparing its performance with the 
concrete safety-shaped barrier under the more common impact 
conditions. As expected, the vertical wall barrier has lower 
maximum roll angles and climb heights, but also higher lateral 
accelerations than the standard concrete safety-shaped barrier 
under these impact conditions. A comparison of the baseline 
simulations for the concrete safety-shaped and vertical wall 
barriers is presented in Table 9. 

Discussion and Recommendations 

Although the vertical wall barrier shows the best potential for 
reducing the propensity for rollover , it may not be the shape 
of choice for rigid barriers when all factors are taken into 
consideration. The propensity for rollover needs to be bal
anced against factors such as damage to vehicles and potential 
for injuries to the vehicle occupants, as well as operational 
factors such as cost and maintenance requirements. 

F Shaped Constant Sloped Vertical 
~ar:r::i!iir Bnr::i~r Wall 

10 14 27 
6 53 6 
7 35 8 

16 15 N/A 
5 32 10 
7 28 17 

18 13 > 90 
16 15 N/A 
7 7 27 

15 > 90 54 
5 24 > 90 
6 13 > 90 

16 15 N/A 
19 32 10 
6 28 17 

18 13 > 90 
61 15 N/A 
8 7 27 

The constant sloped barrier may provide the best compro
mise solution. It reduces the propensity for rollover compared 
with the standard safety-shaped barrier and shows less increase 
in the lateral accelerations, a surrogate for injury potential 
during nonrollover accidents, than the vertical wall barrier. 
Construction costs for the constant slope barrier should be 
only slightly higher than the standard safety-shaped barrier, 
but the shape can substantially reduce life cycle costs. 

In order to maintain safety barrier shape and height during 
resurfacing operations, the pavement surface has to be planed 
down before any overlay can be applied . Pavement planing 
is a costly procedure, and several pavement overlays are nor
mally required during the life of a concrete barrier. On the 
other hand, a constant sloped barrier can be built to a greater 
height initially, thereby eliminating the need for removal of 
the old pavement surface. For example, a 42-in. constant 
sloped barrier would allow up to 10 in. of overlay before being 
reduced to the height of a standard 32-in. safety-shaped bar
rier. These overlay operations would not affect the shape or 
the minimum height of the constant sloped barrier. A study 
to develop such a barrier for the Texas SDHPT was recently 
completed (6). Construction bids for constant sloped barriers 
were not significantly higher than those for safety-shaped bar
riers. Thus , the reduced costs of pavement overlays associated 
with the constant sloped barrier should be much greater than 
the increase in construction costs. 

However, to properly compare the overall effectiveness of 
various barrier shapes, a benefit/cost analysis taking into account 
all the various factors is needed. The computer simulation 
runs discussed should provide a basis for determining the 
relative severity of impact with these barriers for any impact 
condition. In support of such a henefit/m!';t imalysis, addi
tional research is needed to better identify the distributions 
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TABLE 9 SUMMARY OF HVOSM SIMULATIONS OF BASELINE IMPACTS 

Vehicle Impact Impact Mil~· ~o ms. Lat. Ace . {g} Height Qf Climb ( ft .) 
Weight Speed Angle Concrete Safety Vert i cal Concrete Safety Vertical 
{l bl (!!lllh} (deg) Sha11ed B!!rri er Wall Sha11!;ld ~arrier Wall 

1800 30 15 2.4 
1800 45 15 4. 2 
1800 60 15 6.5 

1800 30 25 4.6 
1800 45 25 8.9 
1800 60 25 13.3 

3800 30 15 1.0 
3800 45 15 1.6 
3800 60 15 2.3 

3800 30 25 2.6 
3800 45 25 4.2 
3800 60 25 6.0 

4500 30 15 1.1 
4500 45 15 1. 7 
4500 60 15 2.4 

4500 30 25 2.6 
4500 45 25 4.3 
4500 60 25 6.1 

of barrier impact conditions that can be expected along 
various highway types. 
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6.2 1.0 0.0 

4.0 0.5 0.0 
6.7 0.9 0.0 
9.7 1.1 0. 1 

4. J . Folsom, R. Stoughton , nnd S. Hawatky. Effec1s 011 a Vefricfe 
lmpt1cti11g a Concrete Safety hape Barrier at a Low Speed and a 
Large Angle. Report CA!fL-86/02. California Department of 
Transporta~ion. Sacramento , 1986. 

5. J. Folsom , R. Stoughton , and D. Glnuz. A Seat Dell Efficacy 
Demonstration: A Large A11gle Moderate peed Impact i1110 a 011-
crete Median Barrier. Report CAffL-87/06 . California Depart
ment of T ran portation, Sacramento, 1987. 

6. W. L. Beason, H . E. Ross, H. S. Perera, W. Campise, and L. D. 
Bullard . Development of a Single-Slope Concrete Median Barrier. 
Report 9429 DK-l. Texa Transportalion In t.itu1c, Texas A&M 
University System, College Station, 1989. 
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Development of an IBC MK-7 Barrier 
Capable of Restraining and Redirecting an 
80,000-lb Tractor Van-Trailer 

T. J. HIRSCH AND KING K. MAK 

This papel' summarizes the re ults of an effort to develop an 
International Barrier Corporation (IB ) MK-7 barrier that can 
contain and redirect an 80,000-Jb tractor van-trailer. After eval
uation of various options, the approach of using portlancl cement
stabilized sand as the fill materiHI was elected. The devel p
mental effort included laboratory testing to detcrn1ine the appro
priate mix for the tabilized sand fill material , compurer simu
lation to investigate the bending moments and shear strength 
required for the barrier to contain and redirect various vehicle 
types and weights, and full-scale era ·h testing of the smaller IBC 
MK-9 barrier with automobiles to obtain ba ·e!ine data for u e in 
developing the MK-7 truck barrier. A mix of 100 lb sand, 10 lb 
portland cement, and 10 lb water was selected for use as the fill 
material for the IBC MK-7 truck barrier. The barrier was struck 
by an 80,000-lb tractor van-trailer at .')0.9 mph and 15.0 degree . 
Tbe tractor-trailer was contained and smoothly redirected by the 
barrier. The tractor-trailer rol.led considerably toward the barrier 
during the impact equence but remained upright with the b ttom 
of the left side of the trailer sliding on top of the barrier. The 
vehicle was severely damaged, but the barrier sustained only minor 
damage. The resu1ts of the crash test indicate that the m MK-
7 barrier with stabilized fill material meets the guidelines set forth 
in NCH RP Report 230 for a high-performance truck barrier. 

The results of an effort (1,2) undertaken at Texas Transpor
tation Institute (TII) to develop an International Barrier Cor
poration (IBC) MK-7 longitudinal barrier capable of restrain
ing and redirecting an 80,000-lb tractor van-trailer are presented. 

The standard IBC MK-7 barrier consists of modules with 
corrugated side panels attached to vertical bulkheads. Each 
module is 10.5 ft long, and a barrier installation may consist 
of any number of modules as required. The side panels and 
bulkheads are made of 14-gauge galvanized steel sheet metal. 
The overall cross-sectional dimensions of the barrier are 46 
in. high and 44 in. wide. The barrier modules are filled with 
sand to the top of the barrier and covered with nonstructural 
20-gauge galvanized sheet metal lids. The dimensions and 
details of the IBC MK-7 barrier are shown in Figure 1. 

Previous crash tests of the standard IBC MK-7 barrier indi
cated that the existing barrier did not have the needed capa
bility to restrain and redirect a heavy truck under standard 
test conditions. (There have been several impacts by large 
trucks on field installations of IBC MK-7 barriers, all of which 
resulted in containment of the vehicles without rollover or 
penetration of the barrier.) Various means of strengthening 
the barrier for the required loading from impact by a heavy 

Texas Transportation Institute, Texas A&M University System, 
College Slaliuu, Tex. 77843. 

truck were investigated. The approach eventually selected to 
strengthen the standard IBC MK-7 barrier was to stabilize 
the fill material by mixing the sand with portland cement and 
water. In this case, the basic fill material was a "pit run" 
siliceous sand available from a local quarry. By stabilizing the 
basic fill material, the strength of the barrier was increased 
22 times over the original design with untreated fill material. 
This was accomplished by making the corrugated side panels 
work compositely. Another advantage of using stabilized fill 
material was to significantly reduce damage to the barrier 
from vehicular impacts. 

STUDY APPROACH 

The study effort consisted of four major activities: 

1. Laboratory study, 
2. Computer simulation study, 
3. Crash testing of MK-9 barriers with and without stabi

lized fill using 4,500-lb full-size automobiles, and 
4. Crash testing of MK-7 barriers with stabilized fill using 

an 80,000-lb tractor van-trailer. 

Brief descriptions of these activities are presented as follows. 

Laboratory Study 

A limited laboratory study was conducted on the pit run sili
ceous sand fill material to determine the amount of cement 
and water to be added to the mixture to achieve the desired 
strength. A standard compaction test was first conducted on 
the untreated sand to determine the optimum moisture con
tent for maximum unit weight. The test results indicated that 
the optimum moisture content for this material was about 10 
percent. 

Using this moisture content, a number of mixes and test 
cylinders were prepared using varying amounts of cement to 
determine how much cement was required to achieve the 
desired shear strength. Standard compression and split cyl
inder tests were conducted on the test cylinders for the various 
mixes to determine their compressive, tensile, and shear 
strengths as well as their modulus of elasticity. 

The mix eventually selected for use with the barrier was 10 
lb of cement and 10 lb of water for every 100 lb of sand. This 
yielded a "stabilized soil" with a dry unit weight ot approx-
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FIGURE 1 Details of MK-7 standard barrier assembly. 

imately 110 lb/ft3, a compressive strength of about 700 psi, a 
tensile strength of about 85 psi, a shear strength of about 117 
psi, and a modulus of elasticity of about 1,000,000 psi. 

Computer Simulation Study 

To arrive at the barrier design, a TTI computer program called 
SABS (Simulation of Articulated Barrier Segments) was used 
to evaluate the structural behavior of the IBC MK-7 and MK-
9 barriers as well as the various means of strengthening these 
barriers. The program indicated the magnitude of the bending 
moment and shear forces required to redirect various types 
of vehicles, from an 1,800-lb passenger car to an 80,000-lb 
tractor-trailer. 

The SABS program was first ca librated using era h test data 
from previou cr11sh t · ts conducted by or for IBC using 2,100-
lb and 4,500-lb cars and a 20,000-lb school bu . The program 
was theo u ·eel to inve rigate various methods of trengthening 
the barrier. The simulation results, along with a structural 
analysi · of the barrier, indicated that the stabilized fill material 
needed to have a shear strength of approximacely 85 psi in 
order for the IBC MK-7 barrier to redirect an 80,000-lb 
tractor-trailer. 
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PARTS LlST-ASSEMBLY NO. OOOAOO 
ITEl1 PART NO. DESCRIPTION 

I 0001101 SlAIQAllO P»(l 
z 000A02 SlAKWID llU.10£10 
3 OOOAOJ . SllJ-OAJI!) LID 

• 0001104 SJRIP tiJl 
s OOOAOS S/8" 10 11(1.1 l·l/l"l 
6 OOOA06 518" rut v4Sl{I! 
7 OOOM7 !af TIN' Ill; SQ!(V AMl Vk510 

NOTES: 
I. STANDARD flSSEM8LY SHALL RECEIVE FILL 

MflTERIAL AFTER CONNECTING VlTH AN 
ADJACENT STANDARD OR OTHER ASSEMBLY. 
FILL MATERIAL SHALL BE LEVEL UITH TOP 
OF SIDE PANELS. 

Crash Tests of MK-9 Barriers with Automobiles 
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As part of the devel pmental effort, two full-scale crash tests 
were conducted on lhe mailer IBC MK-9 barrier with 4,500-
lb full-size automobiles. The purpose of the IBC MK-9 barrier 
crash tests was to obtain baseline data for use in developing 
the IBC MK-7 truck barrier without incurring the high expenses 
of conducting multiple full-scale crash tests with tractor
trailers. 

The standard IBC MK-9 barrier, like the IBC MK-7 barrier, 
consists of corrugated side panels attached to vertical bulk
heads spaced 10.5 ft apart. The side panels and bulkheads 
are made of 14-gauge galvanized steel sh et metal. The overall 
dimensions of the barrier are 29.65 in. high (versus 46 in. for 
the MK-7 barrier) and 33 in. wide (versus 44 in. for the MK-
7 barrier). The barrier is filled with sand to about 2 in. below 
the top of the barrier and covered with a nonstuctural lid 
made of 20-gauge galvanized steel sheet metal. The approx
imate weight of the barrier is 500 lb per lineal foot (versus 
1,100 lb for the MK-7 barrier). 

The test installations for both crash tests were identical 
except for the fill material. Each in tallation con isted of 18 
bins (10.5 ft for each bin) of MK-9 barrier placed directly on 
top of a concrete pavement. The total length of the barrier 
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was 189 ft. The first instaUation was filled with untreated and 
and the second in ·tallation was filled with portland cement-
rabilized and, except for the bottom 2 to 3 in. which con

sisted of untreated ·and to prevent the stabi lized fill material 
from bonding with !he pavement urface. The dimensions and 
details of the IBC MK-9 barrier ar hown in Figure 2. 
Photographs of the test installation ar hown in Figure 3. 

The crash te t and data analysis procedures were in accord
ance with guidelines presented in N HRP Report 230 (3). 
The rest vehicles were instrumented with three rate trans
ducers to mea ure roll, pitcb, and yaw rates and a triaxial 
accelerometer near the vehicle center of gravity to measure 
acceleration levels. 

Test 1 (7091-2) 

A 1981 Oldsmobile Ninety-Eight struck the standard IBC 
MK-9 barrier with untreated fiU material al 61 .96 mph and 
25.2 degree . The point of impact wa the midpoint of the 
eighth bin approximately 79.0 ft down tream from the begin
ning of the barrier . On impact the vehicle began to ride up 
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the face of the barrier . The right front wheel then climbed 
the barri r and the vehicle became completely airborne. The 
vehicle came down to the gr und behind the barrier 15.0 ft 
from the point of initial impact. The brakes were then applied. 
The vehicle bounced and yawed countercl ckwise and came 
to rest approximately 142.5 fl from th point of initial impact. 

The barrier sustained evere damage, a hown in Figure 
4. The permanent residual deformation wa 29.0 in . laterally , 
located approximately 5 ft from the point of initial impac!. 
The vehicle was in contact with the raiJ for 22.5 ft . 

The vehicle sustained severe damage, as shown in Figure 
5. Maximum crush was 13.0 in. at the left front corner of the 
vehicle . The left front wheel and control arm were severely 
bent and pushed rearward 9.0 in. , causing damage to the floor 
pan under the driver's feet . The entire left side of the vehicle 
was dent d and craped. There was also considerable damage 
to the hood, bumper, grill, and radiator. 

Sequential photographs, a summary of the test results, and 
other information pertinent to thi t t are given in Figure 6. 
The maximum 0.050- ec average acceleration xperienced by 
the vehicle was - 6.6 g in the I ngitudinal rurection and - 4.9 
g in the lateral direction. Occupant impact velocity in the 
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FIGURE 2 Details of IBC MK-9 standard harrier asst>mbly. 
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FIGURE 3 MK-9 barrier test installation. 

FIGURE 4 MK-9 barrier after Test 7091-2. 
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FIGURE 5 Vehicle after Test 7091-2. 

longitudinal direction was 22.9 ft/sec and 13.0 ft/sec in the 
lateral direction. The highest 0.10-sec occupant ridedown 
accelerations were - 7.8 g (longitudinal) and - 5.0 g (lateral) . 
The occupant risk criteria are not applicable to this test but 
are reported for .info rmation purposes. 

In summary, the barrier failed to contain and redirect the 
vehicle. There was severe damage to the barrier due to pen-

tration by the vehicle. The vehicle was al o severely dam
aged, but there wa only minimal defommtion and intru ion 
in.to the occupant compartment. The vehicle although ai r
borne hortly after impact, remained upright during the initial 
test period and after leaving the barrier. T he re earchers had 
predicted that chi te t would not be successful but the test 
was conducted to provide a ba el ine for comparison purposes. 

Test 2 (7091-10) 

A 1979 Cadillac struck the center of the ninth module of the 
MK-9 barrier with stabilized fill material (or approximately 
89 ft from the beginning of the barrier) at 61.7 mph and 24.2 
degrees . The vehicle was contained and smoothly redirected 
with an exit peed of 48.8 mph and an exit angle of 6.3 degree . 
The brake were applied as the vehicle exited the barrier. 
The vehicle yawed counterclockwise and came to rest 
approximately 21 .0 ft from the point of impact. 

T he barrier sustained minor damage as shown in Figure 7. 
The maximum perman nt re idual deformatioD to the barrier 
was 1.0 in. lateral ly. The barrier moved laterally 4.5 in. on 
impact. The vehicle was in contact wi.th the barrier for 14.0 ft. 

The vehicle sustained severe damage, as hown in Figure 
8. Maximum crush was 16.0 in . at the left front corner of the 



0.000 s 

Test No . . . . . . 
Date ....... . 
Test Installation . 
Length of Installation 
Vehicle ....... . 
Vehicle Weight 

Test Inertia ....... . 
Vehicle Damage Classification 

TAD ..... 
CDC . . . . . . .. · 

Maximum Vehicle Crush .... 

0. 140 s 

7091-2 
03/14/88 
IBC MK9 Barrier 
189.0 ft (57.6 m) 
1981 Oldsmobile 98 

4500 lb (2041 kg) 

11LFQ6 
11FLEK3 & 11LFES3 
13.0 in (33.0 cm) 

FIGURE 6 Summary of results for Test 7091-2. 

FIGURE 7 MK-9 barrier after Test 7091-10. 

0.290 s 

Impact Speed . . 
Impact Angle .. 
Vehicle Accelerations 

(Max. 0.050-sec Avg) 
Longitudinal ... . 
Lateral ..... . . 

Occupant Impact Velocity 
Longitudinal ..... 
Latera 1 . . . . . . . . . . 

Occupant Ridedown Accelerations 
Longitudinal 
Lateral ......... . 

· I l rt / 
----~ lJ!~-

0.500 s 

62.0 mi/h (99.7 km/h) 
25.2 degrees 

-6.6 g 
-4.9 g 

22.9 ft/s (7.0 m/s) 
13.0 ft/s (4.0 m/s) 

-7.8 g 
-5.0 g 
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FIGURE 8 Vehicle after Test 7091-10. 

0.000 s 

Test No . . . . . . . . 
Date ........ . 
Test Installation .. . 
Length of Installation 
Vehicle . . .. 

Vehicle Weight 
Test Inertia ...... . 

Vehicle Damage Classification 
TAD ..... 
CDC ••••. 

Maximum Vehicle Crush .... 

0.125 s 

7091-10 
01/17/89 
IBC MK9 Barrier 
189 ft (57.6 m) 
1979 Cadil~ac Coupe 

DeVille 

4500 lb {2041 kg) 

11FL4 & 11LD2 
11FLEK4 & llLDESl 
16.0 in (40.6 cm) 

FIGURE 9 Summary of results for Test 7091-10. 
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vehicle. The left front wheel was severely bent and pushed 
rearward 4.3 in. In addition, the subframe was bent. The 
entire left side of the vehicle, including the front and rear 
fenders and the door, was dented and scraped. The entire 
front end of the vehicle sustained considerable damage. 

Sequential photographs, a summary of the test results, and 
other information pertinent to this test aTe given in Figure 9. 
The maximum 0.050-sec average acceleration experienced by 
the vehicle was -6.3 gin the longitudinal direction and -12.5 
gin the lateral direction. The occupant impact vel city was 
18.6 ft/sec in the longitudinal direction and 27.0 ft /sec in the 
lateral direction. The highest 0.10-sec occupant ridedown 
accelerations were -5.9 g (longitudinal) and -10.8 g (lat
eral). The occupant risk criteria are not applicable to this test 
but are reported for information purposes. 

In summary, the barrier contained and redirected the vehi
cle. The vehicle sustained severe damage, but the barrier 
sustained minimal damage. There were no detached elements 
or debris . There was minimal deformation and intrusion into 
the occupant compartment. The vehicle remained upright and 
stable during the initial test period and after leaving the bar
rier. The exit speed and trajectory of the vehicle indicate 
minimum potential intrusion into the adjacent traffic lanes. 

Test 3 (7132-1)-Crash Test of MK-7 Barrier with 
80,000-lb Tractor Van-Trailer 

The test installation consisted of 33 modules (10.5 ft for each 
module) of the standard MK-7 barrier for a total length of 

0.249 s 

Impact Speed 
Impact Angle 
Exit Speed . 
Exit Angle . 
Vehicle Accelerations 

(Max. 0.050-sec Avg) 
Longitudinal ... . 
Lateral ...... . 

Occupant Impact Velocity 
Longitudinal ..... 
Lateral . . . . . . . 

0. 374 s 

61.7 mi/h (99.3 km/h) 
24.2 degrees 
48.8 mi/h {78.6 km/h) 
6.3 degrees 

-6.3 g 
-12.5 g 

18.6 ft/s (5.7 m/s) 
27.0 ft/s {8.2 m/s) 

Occupant Ridedown Accelerations 
Longitudinal -5.9 g 
Lateral .......... -10.8 g 



J<'IGURE 10 IBC MK-7 barrier test installation. 

FIGURE 11 Tractor-trailer before Test 7132-1. 

1979 Road Boss 
Theurer Enclosed Van-Trailer 

TRACTOR-TRAJ.LER 

---------------- 45.0 ft - -------------

275.2 in 

258 .6 in 

36 

I! lt. G. LOCATIONS 11 ~ ~ 
Trailer and Load 

Load 

Tractor, Trailer, & Load 96. 5 in 

~====Ll!~~~~::~~~~~~~~~~~~f=~~~~~~~~~~~~~~=:Jf-l~Floor = ;t = 

in 

EMPTY ~/EIGHTS: 

Weight on front axle 

Weight on center axles 

Weiaht on rear axles 
Total Empty Weight 

8,720 

11, 920 

8.840 
29,480 

FIGURE 12 Vehicle properties for Test 7132-1. 

.,;. 
\D 

36. 3 

57.4 

·~ 

l1"l 54. 0 in 
~ 

f t 54. 0 in 

ft 

LOADED WEIGHTS 

Weight on front axle 11,230 

Weight on center axles 34,510 

Weiaht on rear axles 34,260 
Total loaded Weight 80,000 
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346.5 ft. The barrier modules were filled with portland cement
stabilized sand and the sand was mechanically compacted. 
The stabilized sand consisted of pit run sand mixed with 10 
percent portland cement with a 10 percent moisture content 
(i.e., 100 lb sand mixed with 10 lb portland cement and 10 lb 
water). The test in tallation was placed directly on a concrete 
pavement urface with no ancJ1orage to the pavement. A layer 
of untreated and 2 to 3 in. high was placed at the bollom 
of the test barrier installation. The purpose of using a layer 
of untreated sand was to prevent the stabilized sand from 
bonding with the pavement surface. Photographs of the test 
installation are shown in Figure 10. 

The crash test procedures were generally in accordance with 
guidelines presented in NCHRP Report 230. The test tractor 
wa a 1979 White Road Boss with an empty weight of 16 ,240 
lb. The trailer was a Theurer enclosed van-trailer with an 
empty weight of 13 ,060 lb. The combined tractor-irailer empty 
weight was 29,480 lb. Photographs of the tractor-trailer are 
shown in Figure 11. 

The tractor-trailer was loaded with sandbags and wooden 
pallets to a test inertia mas of 80,000 lb, in accordance with 
NCHRP Report 230 requirements. The height of the center 
of gravity (e.g.) for the combined tractor-trailer was 64.7 in., 
whicb compares with the e.g. height of 65 in. ± 1 in. used in 
most other 80,000-lb tractor-trailer crash tests. The key 
dimensions of the tractor-trailer; the actual locations of center 
of gravity for the load, trailer and load, and the combine::.l 
tractor-trailer and load; and the empty and loaded axle weights 
are shown in Figure 12. 

The test tractor-trailer was instrumented with three rate 
transducers to measure roll, pitch, and yaw rates. In addition, 
the tractor-trailer was instrumented with one set of triaxial 
accelerometers and three sets of biaxial accelerometers to 
measure acceleration levels during the impact. The triaxial 
accelerometers were mounted near the rear of the fifth wheel. 
The three sets of biaxial accelerometers were located at the 
front of the tractor, near the front of the trailer, and at the 
rear of the trailer. 

The tractor-trailer struck near the center of the 11th mod
ule, approximately 110 ft Crom the beginning of the barrier 
at 50. 9 mph and J 5.0 degrees. The tractor-trailer was smoothly 
redirected and remained in contact with the barrier through 
the end of the barrier. When the truck lost contact with the 
end of the barrier, the brakes were applied, and the tractor
trailer turned to the left and came to rest almost perpendicular 
to the barrier. The tractor-trailer traveled 275 ft from the 
initial point of impact to the point of rest. The tractor-trailer 
rolled considerably toward the barrier during the impact 
sequence but remained upright, with the bottom of the left 
side of the trailer sliding on top of the barrier. 

The barrier sustained minor damage as shown in Figure 13. 
The maximum permanent residual deformation to the barrier 
was 4.0 in. and the maximum permanent lateral movement 
was 7.0 in. The stabilized sand fill material remained basically 
intact after the impact with only localized areas of crushing. 
Although the vehicle was in contact with the barrier for 239.0 
ft, the major damage to the barrier was confined to the fir. t 
three modules (or roughly 30 ft) downstream from the point 
of initial impact. Damage to the other modules was limited 
to scrapes and tears of the side panels as the tractor-trailer 
slid along the barrier to its final rest position. 
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The vehicle sustained severe damage, as shown in Figure 
14. The front left corner of the bumper was deformed, and 
the left side of the tractor was damaged. The left front wheel 
was deformed from impact with the barrier, and the wheel 
was displaced 18 in. rearward from its normal position into 
the battery box. The rearward displacement was a result of 
the fracturing of one right-side and both left-side U-bolts, 
which mount the front axle to the front leaf springs. The lower 
left front and upper right front shock absorber mounts were 

FIGURE 13 IBC MK-7 barrier after Test 7132-1. 
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separated from the axle assembly, and the pitman arm sep
arated from the steering assembly as the axle was displaced 
rearward . The battery box was deformed and displaced rear
ward into the front surface of the left fuel tank, but the fuel 
tank remained intact with only minor deformations. 

.. .. .. ,, ·-. . ..,... . .-.; ... 
The left frame rail was displaced rearward 6 in. relative to 

the right rail. The left outer tires of the tractor's rear tandem 
axles were deflated and the rims were severely deformed as 
a result of contact with the barrier. The tractor's rear tandem 
axles were shifted back on the left side approximately 2.0 in. A ~-:::: . 

(" ·- .. The trailer sustained direct contact Jamage along 1he emire 
lower left side. The left rear suspension mounting rail was 
fractured, allowing the floor to drop down approximately 22.8 
in., forming a V-shaped left side surface . The left wall of the 
trailer shifted to the left approximately 40 in. (when viewed 
from the rear) and separated from the roof structure at the 
top joint . The right wall was deformed slightly due to induced 
damage. Both left outer tires on the trailer axles were deflated 
and the rims were damaged extensively. The trailer landing 
gear also sustained minor damage. 

FIGURE 14 Tractor-trailer after Test 7132-1. 

Sequential photographs, a summary of the test results , and 
other information pertinent to this test are given in Figure 
15. The maximum 0.050-sec average accelerations experi
enced by the tractor-trailer at the various accelerometer loca
tions along the tractor-trailer are summarized in Table 1. For 
instance, the maximum 0.050-sec average acceleration expe
rienced by the tractor near the fifth wheel was - 5 .4 g in the 

0.000 s 

' 

Test No .. . .. . 
Date . . . . . . . 
Test Installation 

Installation Length 
Vehicle 

0. 102 s 

7132-1 
05/31/89 
IBC MK-7 Median 
Barrier w/stabilized 
fill material 
346.5 ft (105.6 m) 
1979 White Road Boss 
Tractor w/van-trailer 

EC MK-7 BarT\or 
Vehicle Weight 

Test Inertia 
Gross Static 

80 ,000 l b (36 , 287 kg) 
80,000 lb (36 ,287 kg) 

Note: A layer of untreated sand, two to three 
inches in depth, was placed at the 
bottom of the test barrier installation . 

FIGURE 15 Summary of results for Test 7132-1. 

0. 302 s 0. 701 s 

Impact Speed . . 50 . 9 mi / h { 81. 9 km/h) 
Tmpact Angle . . 15 . 0 deg 
Exit Speed . . . Not Appl icable 
Exit Trajectory ... . Not Applicabl e 
Vehicle Accelerati ons {near fi ft h wheel) 

(Max . 0.050-sec Avg) 
Longitudinal . .... -5. 4 g 
Lateral .. . . ... -1 0. 2 g 

Occupant Impact Velocity {passenger compartment ) 
Longitudinal . . .. . 8.8 ft/s (2.7 m/s ) 
Lateral .. . .. . . 13. 9 ft/ s (4 .2 m/ s) 

Occupant Ridedown Accelerati ons 
(passenger compartment) 
Longitudinal -2 .6 g 
Lateral .. . . ... -4 .6 g 
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TABLE 1 SUMMARY OF MAXIMUM 0.050-SEC AVERAGE ACCELERATIONS AT 
VARIOUS LOCATIONS ALONG TRACTOR-TRAILER 

Maximym 0.050-Second Average Accelerat]QD (g} 
Locat i on of Accelerometer Longj tud i na 1 La:tgral ~grtical 

Front of Tractor - 3.2 - 5.5 N/A 

Near Fifth Wheel of Tractor 5.4 -10.2 3.2 

Front of Trailer* - 1. 7 - 4 .1 N/A 

Rear of Trailer - 2.5 -10.3 N/A 

N/A - Not applicable 

* Note: Signal loss for this accelerometer group at 0.460 second after impact. 

longitudinal direction, -10.2 g in the lateral direction, and 
3.2 g. in the vertical direction. 

Occupant impact velocity in the longitudinal direction was 
8.8 ft/sec and 13.9 ft/sec in the lateral direction. The highest 
0.10-sec occupant ridedown accelerations were -2.6 g (lon
gitudinal) and - 4.6 g (lateral). These occupant impact veloc
ities and ridedown accelerations are from the accelerometers 
mounted in the passenger compartment at the front of the 
tractor. 

In summary, results of the crash test indicate that the IBC 
MK-7 barrier with stabilized fill material meets the guidelines 
set forth in NCHRP Report 230. The barrier successfully con
tained and redirected the 80,000-lb tractor van-trailer. The 
barrier sustained only minor damage with maximum perma
nent deformation of 4.0 in. and maximum lateral movement 
of approximately 7 in. The tractor-trailer sustained severe 
damage, but there were no detached elements or debris and 
no deformation or intrusion into the occupant compartment. 
The vehicle traveled along the barrier after impact to the end 
of the barrier, indicating minimal potential for intrusion into 
adjacent traffic lanes. The vehicle remained upright throughout 
the test. 

SUMMARY 

The results of an effort to develop an IBC MK-7 barrier that 
could contain and redirect an 80,000-lb tractor van-trailer 
were summarized. The developmental effort included labo
ratory testing, computer simulation, and full-scale crash test
ing of the smaller IBC MK-9 barrier with automobiles. A 
prototype IBC MK-7 barrier with stabilized fill material was 
constructed and crash tested with an 80,000-lb tractor van
trailer at 50.9 mph and 15.0 degrees. The tractor-trailer was 
contained and smoothly redirected by the barrier. The tractor-

trailer rolled considerably toward the barrier during the impact 
sequence but remained upright, with the bottom of the left 
side of the trailer sliding on lop of the barrier. The vehicle 
was severely damaged, but the barrier sustained only minor 
damage. T he results of the crash test indicate tbat the IB 
MK-7 barrier with stabi liz d fill material meets the evalu
ation guidelines set forth in NCHRP Report 230 for a high
performance truck barrier. 
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Performance Evaluation of a Movable 
Concrete Barrier 

DORAN L. GLAUZ 

A series of crash tests and operational demon lration of a precast 
movable concrete barrier (MCB) were performed. Four orash 
test of the M B showed rhat it can successfully redirecl both 
light and heavy passenger car at variou angles of impact. The 
era h tests involved two large cars weighing 4,370 lb and 4,300 
lb traveling 59.3 and 59.4 mph and striking at 24 degree · and 
16 degrees, respectiv ly; and two small cars weighing 2,000 lb 
and J ,895 lb , Lraveling 57.7 and 58.6 mph , an I striking at lsYz 
degrees and 20Y2 degrees, respectively. The crash te t ati. fled 
tbe requirement for tru tural adequacy and oc upam risk in 
NCHRP Report 230. Vehicle trajectory rcquir ments were not 
satisfied because of large exit angles. The demonstration con
si ·ted of (a) a ransfer vehicle strnightening a deflected barrier 
after the last crash test· (b) a transfer vehicle Iran porting, assem
bling, and transferring a barrier n a 1,400-ft r, dius with a 12 
percent cross-slope · (c) a traJlSfer vehicle transferring a barrier 
on a 4 to 5 percent I ngi tudinal grade ; and (d) manual movement 
of the barrier to adjust minor misalignmenrs. The M 13 move 
IHlt:rally under impacr . The lateral movement is related to impact 
severity. Two equation are presented to predict lateral movement 
as a function of impact severity. 

Traffic congestion has increased rapidly in recent years. At 
many highway and bridge locations there has not been room 
to add lanes or funds have been insufficient. At those locations 
where traffic is heavy in one direction in the morning and 
heavy in the opposite direction in the evening, a need has 
developed for a median barrier that can be moved easily from 
one lane boundary to another. With a movable barrier it 
would be possible to adjust the number of lanes available to 
peak traffic daily, while maintaining a positive barrier between 
opposing traffic lanes. The California Department of Trans
portation (Caltrans) has a pressing need for such a barrier on 
the Coronado Bridge in San Diego. The relocatable pylons 
used there now do nothing to retain out-of-control vehicles, 
and there have been severe head-on collisions. There are 
other locations where a movable barrier could be used to 
advantage. These include locations where a permanent system 
is needed and al o construction and maintenance locations 
where a mobile barrier is needed that would provide greater 
protection to motorists and workers. Over the years several 
systems have been proposed to Caltrans. These systems have 
required an extensive and complicated mechanical installation 
within the roadbed, introducing a potential maintenance 
headache and precluding them from temporary use, or have 
demonstrated inferior performance as a barrier. 

Transportation Laboratory, California Department of Tran porla
tion, 5900 Folsom Blvd., P.O. Box 19128, aernmcnto, Calif. 95819. 

DESCRIPTION OF BARRIER AND TRANSFER 
VEHICLE 

A barrier that meets the criterion of simplicity and requires 
no roadbed modification has been developed. This barrier 
was conceived, developed, and tested in response to a con
tinuing demand for a movable barrier from the United States 
and other countries. The Quickchange Movable Concrete 
Barrier System was invented by Ouick- tee! Engine ring Pty, 
Ltd., of Botany, New S uth Wal.es, Australia . Barrier Sys
tems, Inc. (BSI) of Sau alito, alif rnia , is the North Amer
ican licensee for the system. Hereafter this system will be 
referred to as a movable concrete barrier (MCB). 

The MCB is a segmented concrete barrier formed similar 
to a Configuration F-shape modified with a narrowed neck 
and a T-shaped top (Figure 1). Tb seg111e1 t. are .>.2 ft (1 
m) long 2 ft (609 mm) wide at the base, and 32 in. (812 mm) 
high . T hey nre joined together by a pin-and-link hinge. 

The MCB is moved from one traffic lane line to another 
with a transfer vehicle (Figure 2) . The vehicle is a mobile 
steel framework, which may be either self-propelled or towed, 
with an S- haped conveyor assembly mounted n it. lose ly 
spaced urethane conveyor wl1eeJ ride under the flange of 
the T- ·hape of the tcm (Figure ). Tbe segments a re lifted 
off the pavement by tl:e wheels, guided along the S-shaped 
conveyor to the new lane position, and lowered back down 
to the pavement. The barrier segment · remain pinned together 
during the transfer operation. A the vehicle move fon ard, 
the barrier i transferred from left to right (when u ed as a 
median barrier), minimizing the exposure of the transfer 
vehicle to traffic in both directions (Figure 2). 

SCOPE OF RESEARCH 

A series of crash tests and operational demonstrations of the 
MCB were performed. Two crash tests indicated a deficiency 
in the original design. After modification by the manufac
turer, four additional tests demonstratecl successful redirec
tion of large and small cars. Four operational demonstrations 
indicated the maneuverability and maintainability of the MCB. 

BARRIER DESIGN 

Two tests were conducted on two versions of the original 
Australian design and are described in the full report (1). The 
tests were at impact angles of 15 degrees and 25 degrees with 
heavy vehicles at 60 mph (27 m/sec). The lateral deflections 
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FIGURE 1 End view and elevation of MCB. 
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FIGURE 2 Transfer vehicle moves barrier one full lane width. 

were 4.56 and 5.77 ft (1.4 and 1.8 m) tor the two tests. The 
strength of the stem proved to be inadequate. Because this 
barrier was anticipated for use on a permanent installation, 
the lateral deflection was considered excessive. 

The manufacturer, BSI, undertook a testing and develop
ment program to design a stronger stem and to determine 
what factors are important to lateral deflection . The stem was 
strengthened by thickening the narrow neck section, increas-
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ing it from 5Ys in. (130 mm) to 8Ys in. (206 mm) and increasing 
the reinforcement from 6 x 6- W5 x WS welded wire fabric 
to two No. 4 reinforcing bars plus 4 x 4-W4 x W4 welded 
wire fabric. In addition, the wire fabric was bent outward into 
the top flange (Figure 4). 

The method devised to limit the lateral deflection was to 
reduce the longitudinal clearance in the hinge assembly (Fig
ure 5). The original design had a ± V2 in . (12.7 mm) clearance 
to allow for barrier lengthening and shortening in changing 
radii and expansion joints on bridges. This clearance was 
reducted to ± 3/ 16 in . (4.8 mm). By reducing the clearance , 
more barrier segments (more mass) must be mobilized to 
effect a unit of lateral movement; thus more energy would 
be required per unit. 

TEST RES UL TS 

Test 443 (4,370 lb, 59.3 mph, 24 degrees) 

The left front bumper of the test vehicle struck the 100-seg
ment barrier at the midpoint of Segment 62 at 59.3 mph (26.5 
m/sec) and an angle of 24 degrees. The length of vehicle 
contact with the barrier was about 39 ft (12 m), from Segments 
62 to 74. The car was smoothly redirected and lost contact 
with the barrier at an exit angle of 143/4 degrees. The car 

FIGURE 3 Barrier is lifted by conveyor wheels under the 
MCB flange. 

Test 441 , 442 Barrier Test 443 thru 446 Barrier 

FIGURE 4 Changes from Australian barrier design. 
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FIGURE 5 Simplified hinge detail. 

experienced a maximum roll of -1QV4 degrees. The maximum 
rise of the car was 4 in. (100 mm) 0. 73 sec after impact, 
measured at the right rear corner of the roof. Figure 6 shows 
sequential photographs and a trajectory diagram. 

The trajectory of the car after impact was back toward the 
line of the barrier. A second impact with the barrier occurred 
at Segment 93. The car came to rest about 30 ft (9 .1 m) beyond 
the downstream end of the barrier and approximately in line 
with its face (Figure 7). 

The barrier was displaced laterally along a distance of about 
66 ft (20 m) (Segments 54 through 75) . The maximum lateral 
displacement was 3.74 ft (1.3 m) at Segment 66 (Figure 8). 
There was longitudinal movement in the barrier from Seg
ments 22 to 100. The maximum longitudinal displacement in 
the downstream direction was 0.5 ft (140 mm) at Segment 54. 
The maximum longitudinal displacement in the upstream 
direction was 0.15 ft (45 mm). 

Test 444 (2,000 lb, 57 .7 mph, 151/z degree~) 

The left front bumper of the test vehicle struck the 100-seg
ment barrier at the midpoint of Segment 48 at 57.7 mph (25.8 
m/sec) and an angle of 151/z degrees. The length of vehicle 
contact with the barrier was about 16 ft (5 m), from Segments 
48 to 52. The car was smoothly redirected and lost contact 
with the barrier at an exit angle of 10% degrees. The car 
experienced a maximum roll of -14V2 degrees and a pitch of 
+ 10% degrees. The maximum rise of the car was 17 in. (430 
mm) 0.36 sec after impact, measured on the right rear tire. 
Figure 9 shows sequential photographs and a trajectory 
diagram. 

The trajectory of the car after impact was away from the 
barrier. The car came to rest off the paved area about 15 ft 
(4.6 m) beyond the downstream end of the barrier and 60 ft 
(18 m) from its face (Figure 10). 

The barrier was displaced laterally along a distance of about 
30 ft (9 m) (Segments 47 through 55) (Figure 11). The max
imum lateral displacement was 1.78 ft (542 mm) at Segment 
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51. There was longitudinal movement in the barrier from 
Segrn ' nt · 36 to 65. T he maximum longitudina l di. placement 
in the downstream direction was 0.1 fl (30 mm) at gment 
47. The maximum longitudinal displacement in the upstream 
dire lion was 0. 1 ft (3J. mm) at cgment 55. 

Test 445 (4,300 lb, 59.4 mph, 16 degrees) 

The left front bumper of Lhe test vehicle struck the 100-seg
ment barrier at the midpoint of egment 52 at 59.4 mph (26.6 
m/sec) and an angle of 16 degrees. The length of vehicle 
contact with the barrie r was about 33 ft (10 m), from Segments 
52 to 61. The car was smoothly red irected and lost con tact 
with the barrier at an exit angle of 16'h degrees. The car 
experienced a maximum roll of + 6\1.1 degrees and a pitcb of 
+5.Ys degrees. The max imum rise of th car was 19 in. (490 
mm) 0.54 sec after impact , measured on the right rear bumper. 
Figure 12 hows equence photographs and a trajectory 
diagram. 

The trajectory of the car after impact was away from the 
barrier. The car came to rest off the paved area at the toe of 
an earth berm about 79 ft (24 m) beyond the downstream end 
of the barrier and 41 ft (12.5 mm) from its face (Figure 13). 

The barrier was displaced laterally along a distance f about 
59 ft (18 m) (Segments 47 through 65). The maximum lateral 
displacement was 2.85 ft (870 mm) at Segment 59 (Pigure 14). 
There was longitudinal moveme nt in the barrier from Seg
ments 26 to 81. The maximum longitudinal displacement in 
the downstream direction was 0.4 ft (110 mm) at Segment 58. 
The maximum longitudi11al displacement in the upstream 
direction was 0.1 ft (34 mm) at Segment 70. 

Test 446 (1,895 lb, 58.6 mph, 201/2 degrees) 

The left front bumper of the test vehicle struck the 100-seg
ment barrier at Segment 55 at 58 .6 mph (26.2 m/sec) and an 
angle of 20Yz degrees. The length of vehicle contact with the 
barrier was about 20 ft (6 m) , from Segments 55 to 60. The 
car was smoothly redirected and lost contact with the barrier 
at an exit angle of 19Yz degrees. The car experienced a max
imum roll of -15 degrees and a pitch of + 12V2 degrees. The 
maximum rise of the car was 30 in. (760 mm) 0.44 sec after 
impact, measured on the right rear bumper. Figure 15 shows 
sequence photographs and a trajectory diagram. 

The trajectory of the car after impact was away from the 
barrier. The car came to rest about even with the downstream 
end of the barrier 37 ft (11 m) away from its face (Figure 16). 

The barrier was displaced laterally along a distance of about 
42 ft (13 m) (Segments 52 through 64). The maximum lateral 
displacement was 2.24 ft (684 mm) at Segment 59(Figure17). 
There was longitudinal movement from Segments 37 to 84. 
The maximum longitudinal displacement in the downstream 
direction was 0.15 ft (48 mm) at Segment 55. The maximum 
longitudinal displacement in the upstream direction was 0.2 
ft (54 mm) at Segment 64. 

DISCUSSION OF TEST RESULTS 

In Tests 443 through 446 the MCB demonstrated its ability 
to retain ;mcl redirect a vehicle under a variety of impact 
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Test Barrier: 
Type: Movable Concrete Barrier (Simple Hinge Connections with Reduced Clearance) 
Length: 

Test Date: 
TestVehlcle: 

Model: 
Inertial Mass: 
Impact Velocity: 
Impact; Exit Angle : 

Test Dummy: 
Type: 
Weight I Restraint: 
Position: 

Test Data: 

328 ft (100 m) - 100 segments 
November 18, 1987 

1982 Olds Station Wagon 
4370 lb (1982 kg) 
59.3 mph (26.5 mis) 
24 deg; 14314 deg 

Part 572, 50th Percentile Male 
165 lb (75 kg)/ none 
Driver's seat 

Occupant Impact Velocity (long): 27.0 fps. (8.2 m/s) 
Max 50 ms Avg Accel: 
HIC I TAD I VDI: 
Max Roll;Pitch;Yaw : 
Barrier Displacement: 
Max Dynamic Deflection (film): 

long -8.3 g, lat -7.7 g, vert -2.0 g 
121 I LFQ6 / 11 LDEW2 
-10114 deg; NA; NA 
3.74 ft (1.14 m) at segment 66 
4.10 ft (1.25m) 

1"=0.0254 m 

Barrier Damage: Minor scratches on 11 segments at the area of contact with test car 

FIGURE 6 Summary of data for Test 443. 
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FIGURE 7 Car and barrier after impact, Test 443. 

FIGURE 8 Deflected barrier after impact, Test 443. 
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conditions. Vehicle rederection was smooth in all these tests. 
There was no tendency for the barrier to pocket or trap the 
vehicles. There was no evidence of any structural distress of 
the barrier segments. All four tests were performed on the 
same set of barrier segments without replacing any segments, 
welded hinge plates, or steel hinge pins. Segments were shifted 
after each test so fresh segments would be located in the main 
impact zone. 

There was significant lateral displacement of the test barrier 
during each test (Table 1). The barrier displacement was closely 
related to impact severity (IS) . The data from these tests were 
statistically analyzed to obtain an equation for lateral 
displacement as a function of IS. 

Two equations (Table 2) were found to fit the experimental 
data. These equations are represented in graphical form with 
the experimental data in Figure 18. The correlation is signif
icant at the 5 percent level (2, pp. 462-463). Data from other 
tests were also used in deriving these equations (1; E. F. 
Nordlin, unpublished data) . 

For very small values, up to 3.8 ft-kips (5.2 kJ), no deflec
tion is predicted by Equation 1. Although the second equation 
approaches a zero displacement as IS approaches zero , it can 
be considered to evaluate to zero for IS less than 1 ft-kip 
(1.4 kJ). 

For small impacts, up to 15 ft-kips (20 kJ), it is believed 
that Equation 1 understates the displacement that might be 
expected. Within this impact severity range, Equation 2 prob
ably gives a better value of lateral displacement . The reason 
why the lateral displacement is probably larger than that pre
dicted by Equation 1 lies in the action within the hinge during 
impact. In high-IS impacts, like those used to derive Equation 
1, many of the barrier segments move. For each segment that 
moves , the entire longitudinal clearance in the hinge is taken 
up, effecting a lengthening of the barrier to allow lateral 
movement. During low-energy impacts many fewer segments 
are brought into the movement zone , down to the limiting 
case where only two segments move at all. In an impact when 
only two or three segments move , all the longitudinal clear
ance in the hinge may not be used, thus allowing movement 
with very low energy . .input. 

In the range of 15 to 130 ft-kips (20 to 175 kJ) , the two 
equations give the same answer within the accuracy that can 
be expected from such an estimator. Caution must be exer
cised when using these equations to extrapolate beyond 100 
ft-kips (135 kJ), because that is beyond the value of any data 
used to derive the equations. At some unknown value of 
impact severity some structural elements of the barrier may 
fail, thus invalidating any attempt at predicting defl ection. 

Table 3 shows roll, pitch, and yaw values, maximum 50 
msec average accelerations , occupant impact velocities , and 
rid down accelerations. For comparison, Tests 443 through 
446 are included with data from previous tests on continuou 
concrete safety shaped barriers done by Caltrans. 

Note that the magnitude of roll in Tests 443 through 446 is 
generally lower than in other tests of concrete safety shaped 
barriers. The amount of roll and pitch is low to moderate in 
all MCB tests. None of the test cars showed any indication 
of being close to rollover. Scuff and rub marks on the face 
of the barrier indicated that the projecting cap of the MCB 
restricted the climb of the car, thereby minimizing the roll 
angle. 
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Test Barrier: 1'=0.3048 m NOTTO SCALE 

Type: Movable Concrete Barrier (Simple Hinge Connections with Reduced Clearance) 
Length: 

Test Date: 
TestVehlcle: 

Model: 
Inertial Mass: 
Impact Velocity: 
Impact; Exit Angle : 

Test Dummy: 
Type: 
Weight I Restraint: 
Position: 

Test Data: 

328 ft (100 m) - 100 segments 
December 18, 1987 

1981 Honda Civic 
2000 lb (907 kg) 
57.7 mph (25.8 mis) 
15112deg; 10114 deg 

Part 572, 50th Percentile Male 
165 lb (75 kg)/ none 
Driver's seat 

Occupant Impact Velocity (long): 15.1 fps. (4.6 mis) 
long-4.6 g, lat - 6.7 g, vert 1.7 g Max 50 ms Avg Accel: 

HIC /TAD I VDI: 
Max Roll;Pltch ;Yaw : 
Barrier Displacement: 
Max Dynamic Deflection (film) : 

30 I LFQ4 I 12LDEE2 
-14112 deg; 10114 deg; NA 
1.78 ft (0.54 m) at segment 51 
1.92 ft {0.58 m) 

1"=0.0254 m 

Barrier Damage : Minor scratches at the area of contact with test car 

FIGURE 9 Summary of data for Test 444. 
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FIGURE 10 Car and barrier after impact, Test 444. 

FIGURE 11 Deflected barrier after impact, Test 444. 

The longitudinal occupant impact velocity in Test 444 (see 
Table 3) was below the NCH RP Report 2 0 (3) recommended 
maximum value and also smaller than in other Caltrans tests 
on permanent concrete median harriers. Although this was 
the only test required to meet Section F of the occupant risk 
requirements of NCHRP Report 230, the criterion was also 
met in Tests 443, 445, and 446. 

In all four tests the exit angle exceeded 60 percent of the 
impact angle, the recommended limit in NCHRP Report 230, 
though only slightly in Tests 443 and 444 (Table 4). In Test 
443 the velocity change also exceeded the recommended limit, 
15 mph. In that test, the vehicle steered back toward the MCB 
and struck a second time. In Tests 444, 445, and 446 the 
vehicle speed change was 11 to 12 mph ( 4. 9 to 5 .3 m/sec) , 
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and the vehicles then crossed the traveled way and came to 
rest 40 to 60 ft (11 to 18 m) from the barrier face. The vehicles 
were disabled in all four tests and stopped 150 to 200 ft ( 45 
to 62 m) from the impact point. 

THE TRANSFER VEHICLE 

The transfer vehicle is 49 ft (15 m) long and 8.2 ft (2 .5 m) 
wide and weighs 30 tons (27 000 kg) (Figure 19). It is self
powered; a 200-hp (150-kW) diesel engine powers a hydraulic 
drive and steering. Each wheel can be independently raised 
and lowered. A barrier can be transferred onto or off a curb 
up to 12 in. high. The lateral move of the barrier can be varied 
from 6 ft to 16 ft. Up to 15 segments of the barrier can be 
carried and transported as a unit. The transfer vehicle oper
ates in either direction and is operationally symmetrical. Each 
end of the vehicle is independently steered with its own 
steering wheel. Movement can be controlled from either end. 

DEMONSTRATIONS OF TRANSFER VEHICLE 

A prototype transfer vehicle was used for four demonstra
tions. The demonstrations consisted of (a) straightening a 
deflected barrier after the last crash test, (b) transporting and 
assembling a IO- egm nt length of barrier ( c) tran fcrring a 
barrier on a 1 400-ft radius with a 12 percent cros lop and 
(d) tran ferring a barrier on a 4 to 5 percent longitudinal 
grade. 

The first demonstration showed the ability of the transfer 
vehicle to realign a deflected barrier. The barrier was deflected 
by Test 446 a maximum of 2.24 ft (683 mm). The barrier was 
back to a straight alignment in its original position after two 
passes (Figure 19). It appeared that with more experienced 
operators the barrier could have been made straight with only 
one pass . Realignment was accomplished without placing 
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Test Barrier: 
Type : Movable Concrete Barrier (Simple Hinge Connections with Reduced Clearance) 
Length: 

Test Date: 
TestVehlcle: 

Model: 
Inertial Mass: 
Impact Velocity: 
Impact; Exit Angle: 

Test Dummy: 
Type: 
Weight I Restraint: 
Position: 

Test Data: 

328 ft (100 m ) - 100 segments 
January 21, 1988 

1982 Olds Station Wagon 
4300 lb (1950 kg) 
59.4 mph (26.6 mis) 
16deg; 16112deg 

Part 572, 50th Percentile Male 
165 lb (75 kg)/ none 
Driver's seat 

Occupant Impact Velocity (long): 14.3 fps (4.4 mis) 
Max 50 ms Avg Accel: 
HIC I TAD I VOi: 
Max Roll;Pitch;Yaw : 
Barrier Displacement: 
Max Dynamic Deflection (film) : 

long -3.3 g, lat -5.9 g, vert -1. 7 g 
45 I LFQ4 I 12LDEE2 
6114 deg; 53/B deg; NA 
2.85 ft (0.87 m) at segment 59 
3.04 ft (0.93 m) 

1"=0.0254m 

Barrier Damage: Minor scratches and spalling at the area of contact with test car 
FIGURE 12 Summary of data for Test 445. 
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FIGURE 13 Car after impact, Test 445. 

FIGURE 14 Deflected barrier after impact, Test 445. 

workers on the ground to manually adjust the barrier. Two 
additional passes were made over the barrier to demonstrate 
simple transfer operation. All the functions of the transfer 
vehicle-lifting, lateral transport , and deposit of the mod
ules-were smooth and continuous, and the vehicle moved 
at about 6 mph (2.7 m/sec). 

The second demonstration showed how lengths of barrier 
can be transported and reattached to a standing barrier. (Such 
an operation might be performed to move the lane closure 
zone of a progressing construction site.) A length of barrier, 
10 segments , was loaded onto the conveyor of the transfer 
vehicle, carried to the location of the third demonstration, 
and reassembled (Figure 20). The transport distance was about 
0.5 mi (800 m), and the travel speed on the paved road was 
about 10 mph (4.5 m/sec) . To reassemble the MCB, the bar
rier on the ground was aligned with the barrier within the 
vehicle and a hinge pin was inserted. Alignment was accom
plished by loading the portion on the ground partway into 
the conveyor (Figure 21) until it came in contact with the 
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carried barrier. There was some difficulty inserting the pin 
because the joint to be connected was sometimes pushed too 
far into the vehicle, to a place that hampered insertion. Even 
with that problem, though, assembly of the barrier was much 
faster than if it had been set one segment at a time . 

The third demonstration consisted of transferring a barrier 
plus and minus 6 ft (1.8 m) from its original position on a 
curve of radius 1,400-ft (426.7 m) with a 12 percent cross 
slope (Figure 22). Two reference lines were laid out for use 
by the vehicle operators to place the barrier on each transfer 
run. A total of 70 segments were used to compose a barrier 
230 ft (70 m) long. Two four-movement cycles were per
formed. In each cycle , the barrier was first moved outward 
to a 1,406-ft (428.5-m) radius, then inward two times to a 
radius of 1,394 ft ( 424. 9 m), then outward to its original 
position. 

The last demonstration , tran ferring a barrier on a 5 percent 
longitudinal grade, was done in Lodi, California, at the BSI 
test site. The barrier consisted of 76 , egmcnt for a total le ngth 
of 250 ft (76 m) . The whole barrier wa tra n. ~ 1T d laterally 
back and forth 6 ft (1.8 m) each time from th middle , initial 
position. The speed of the transfer vehicle was about 5 mph 
(2.2 m/sec) both uphill and downhill. T.hl! barrier segments 
were freestanding in the first eight transfers and tethered in 
the second set of eight transfers. 

Measurements of the joint displacements were taken across 
a set of four joints located about 50 ft (15 m) from each barrier 
end. The measurements were taken after each laleial iransfer. 
The net change in length was near zero after each complete 
transfer cycle. Stretching of the barrier apparently occurred 
during travel of the transfer vehicle uphill, and contraction 
occurred during downhill transfers. However, the number of 
transfers was too small for a definite pattern to be discerned. 

The lateral transfers resulted in a gradual longitudinal 
movement of the barrier system downhill. Measurements of 
longitudinal movement were made at the downhill end of the 
barrier. The to!al longitudinal movement was 4J;.. in. (120 mm) 
after eight lateral tran fe rs. Because the length of the barrier 
did not change, as shown by the measurements above, the 
whole barrier must have moved longitudinally downhill. 

To counteract this tendency, the upstream end of the barrier 
was tethered with a cable tensioned to 1,000 lb (450 N) at the 
beginning of each downhill run (Figure 23) . The same mea
surements as for the freestanding barrier were performed. 
The measurements indicated an apparent stretching of the 
barrier after each transfer cycle. The stretch was about 0.1 
in. (2.5 mm) per joint . A total longitudinal movement of 3% 
in. (84 mm) occurred after eight lateral transfers. Because the 
upstream end of the barrier was tethered, the downhill creep 
may be explained by the stretch in the barrier noted . 

Although creep appeared to be restricted hy pulling at the 
upstream end, it was not eliminated. A definite pattern or 
determination cannot be drawn from these data because the 
number of repetitions was limited. 

Longitudinal creep has been reported in a similar barrier 
system installed in Paris , France ( 4). The total longitudinal 
movement of the French barrier 1.5 mi (2.4 km) long on a 
downhill grade of 1.5 to 2.0 percent was 3.3 to 6.6 ft (1 to 2 
m) during the initial months of operation. The French solution 
to retard longitudinal creep was manual jacking of the uphill 
end of the barrier ystem before starting each daily barrier 



Impact+ 0.015 s I+ 0.098 s I+0.1685 

I+ 0.303 s I +0.515s I+ 1.208 s 

1'=0.3048 m NOTTO SCALE 
Test Barrier: 
Type: 
Length: 

Movable Concrete Barrier (Simple Hinge Connections with Reduced Clearance) 
328 ft (100 m) - 100 segments 

Test Date: 
TestVehlcle: 

Model: 
Inertial Mass: 
Impact Velocity: 
Impact; Exit Angle: 

Test Dummy: 
Type: 
Weight I Restraint: 
Position: 

Test Data: 

March 9, 1988 

1984 Nissan 
1890 lb (857 kg) 
58.6 mph (26.2 mis) 
20112 deg; 19112 deg 

Part 572, 50th Percentile Male 
165 lb (75 kg)/ none 
Driver's seat 

Occupant Impact Velocity (long): 16.9 fps (5.2 mis) 
Max 50 ms Avg Accel: long -7.6 g, lat - 11.3 g, vert 2.8g 
HIC I TAD I VOi: 86 / LF04 / 11 LDEE2 
Max Roll;Pitch;Yaw : - 1.5 deg; 12112 deg; NA 
Barrier Displacement: 2.24 ft (0.68 m) at segment 59 
Max Dynamic Deflection (film): 2.41 ft (0.73 m) 

1"=0.0254 m 

Barrier Damage : Minor scratches on 2 segments at the area of contact with test car 
FIGURE IS Summary of data for Test 446. 
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FIGURE 16 Car and barrier after impact, Test 446. 

transfer in the downhill direction, similar to what was done 
in this demonstration. 

MANUAL MOVEMENT 

Another meth d of moving the M Bis by hand. Thi would 
be useful in making minor alignment adjustments either while 
assembl ing the barrier or after an impact. Movement by hand 
was done by a ingle p r ·on u ing a pry bar ft (2 m) long 
duri ng installation of the test barrier. BSI also demonstrated 
that a vehicle access 9 ft (2.8 m) can be made by one person 
in 3 min (5) . 

CONCLUSIONS 

FIGURE 17 Deflected barrier after impact, Test 446. 

Based on the results of impact tests on this movable concrete 
barrier, the following conclusions can be drawn: Small cars 
can be smoothly redirected by a MCB with satisfactory occu· 
pant ri. k factor . The MCB is trong enough to fully c011tain 
a 4,500-lb (2040-kg) vehicle, triking at 60 mph (26 m/sec) 
and 25 degree with n structural failure and litt le debri. 
generation. The vehicle exit angle tends to be slightly more 
than 60 percent of the impact angle. The flanged top that is 

TABLE 1 LATERAL DISPLACEMENT OF BARRIER 

TEST# Vehicle ~ Impact Max. Permanent 

Inertial Mass Speed, Angle, Severity Lat. Displacement 

D, ft. m 

443 4370 (1982) 59.3 (26.5) 24 85.0 (115) 3.74(1.14) 

444 2000 (907) 57.7 (25.8) 15 1/2 15.9 (21.5) 1.78(0.54) 

445 4300 (1950) 59.4 (26.6) 16 38.4 (50.8) 2.85(0.87) 

446 1895 857 58.6 26.2 20 1/2 26.7 (36.1 2.24 0.68 



TABLE 2 EQUATIONS TO PREDICT LATERAL DISPLACEMENT 

Qgeffii::ieats 

A B 

D = A + B ln(IS) -1.62 1.21 

(-0.592) (0.365) 

2 D =A+ s(1/IS) ISC 0.961 0.0125 

or D m merers, use 

4 

3 

2 

0 20 40 60 

c 

0.319 

0.319 

80 

Applicable 

IS Range 

ft-ki s kJ 

15-130 .993 

(20-175) 

1-130 .985 

1-175 

Equation 1 

Equation 2 

• test data 

100 

lmoact Severity (ft-kips) 
FIGURE 18 Plot of predictive equations and test data. 

120 



TABLE 3 TEST RESULTS 

Test# 443 444 445 446 451 (§) 431 (Z) 262(.ID 264@) 301(Jl) 321 (1.Q) 

Concrete Barrier MCB MCB MCB MCB New New Type Type Type Type 

Tvoe Jersev Jersev 50 50 50 50 

Car Mass, lbs 4370 2000 4300 1895 3575 1860 4960 4860 4860 4700 

(kg) (1982) (907) (1950) (857) (1622) (844) (2250) (2200) (2200) (2130) 

Impact Angle.deg 24 15 1/2 16 20 1 /2 45 52 25 25 27 26 

Speed, mph 59 .3 57.7 59.4 58.6 40.3 27.4 59.0 64.0 68 .0 61 .0 

(mis) (26.5) (25.8) (26.6) (26.2) (18.0) (12.2) (26.4) (28.6) (30.4) (27.3) 

Roll, degrees -10 1/2 -14 1/2 6 1/2 -15 7 1/2 71 >90 NA 27 48 

Pitch, degrees NA 10 1/4 5 3/8 12 1 /2 NA -2 NA NA NA NA 

Yaw, degrees NA NA NA NA NA -12 NA NA NA NA 

Maximum rise, in. 4.4 16.7 19.3 29.6 NA NA 34 36 38 66 

Mal!:. 50 ms Ava[aga ~~alaralii:ia. g 

Longitudinal1 8.3 -4.6 -3.3 -7.6 -11.2 -12.4 7.0 5.2 11 . 7 NA 

Lateral2 -7.7 -6.7 -5.9 -11.3 -8.7 -5.5 11.6 13.0 13.8 NA 

Qccuaaal lrn12act Velocilll ~lirnil lllli !Dlllil 

Longitudina13 27.0 15.1 14.3 16.9 28 .6 32.9 NA NA NA NA 

(8.2) (4.6) (4.4) (5.2) (8.7) (10.0) 

Lateral (digital recorder) 18.0 NA 14.0 NA NA NA NA NA NA 

NA 

(5.5) (4.3) 

Bide dQ:ii!D &icalaralii:ms. g 

Longitudinal -5.6 -6 -3.9 -5 NA -15 NA NA NA NA 

Lateral 7.6 -10 10.6 -13 NA -10 NA NA NA NA 

1. TAC 191 recommended value: -5g (acceptable value: -10g) 

2. TAC 191 recommended value: -3g (acceptable value: -Sg) 

3. NCHAP Aeoort 230 1. recommended value: 30fos (9.1 mis) 

TABLE4 IMP ACT AND EXIT CONDITIONS 

Test Impact 60%of Exit Impact Exit Speed 

number Angle, deg. Impact Angle, deg. Speed, V1 Speed, VE Change, 

Angle, mph mph VrVE 

deg. {mis) (mis) mph {m/sl 

443 24 14 1/2 14 3/4 59.3 (26.5) 27.0 (12.1) 32.3 (14.4) 

444 15 1/2 9114 10 1/4 57.7 (25.8) 45.8 (20.5) 11.9 (5.3) 

445 16 9 1/2 16 1/2 59.4 (26.6) 48.0 (21.5) 11.4 (5.1) 

446 20 1/2 12 1/4 19 1/2 58.6 (26.2) 47.6 (21.3) 11.0 (4.9) 



FIGURE 19 Transfer vehicle straightening deflected barrier. FIGURE 20 Transfer vehicle carrying barrier. 

FIGURE 21 Aligning barrier for connecting carried barrier and placed barrier. 
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FIGURE 22 Transfer vehicle on curve with 1,400-ft radius. 

used to lift the barrier appears to limit the distance a vehicle 
climbs the face of the barrier thu limiting the roll angle of 
the vehicle. The M B deflects laterally under impact. T he 
lateral deflection of the MCB has a strong calistical relation 
to impact severity. 

Based on the results of the demonstrations of movi11g the 
M B both with a transfer vehicle and by hand the following 
conclu ions can be drawn: The transfer vehicle can easily and 
smoothly move the barrier one full lane width at speed up 
to 6 mph (2.7 m/sec). Transporting, a sembling, and trans
ferring an MCB on a curve of radiu 1,400 ft (427 m) with a 
12 percent cross lope and transferring a barrier on a 5 percent 
longitudinal grade can be successfully performed by the trnn ·
fer vehicle. And a barrier deflected as much as 2.24 ft (0.7 
m) can be traightened by the transfer vehicle or can be pushed 
back into place with a pry bar by one person. 

TRANSPORTA TION RESEARCH RECORD 1258 

FIGURE 23 Tcnsio11iJ1g the tether cable. 
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Temporary Asphalt Medians for Two
Lane, Two-Way Operation 

BENJAMIN H. COTTRELL, JR. 

The objectives of thi research were to eva luate the performance 
of temporary a phalt median for use in two-lane, two-way oper
ation as aJJ a lternative to portable concrete barrieJs and , irappr • 
priate , to develop guideline for the use of temporary asphalt 
medians. Use of the temp rary a plrnlt m · clian wa eva luated at 
one site. The median was installed and removed at least twice a 
fa t as concrete barrie1 , thereby reducing the time traffic was 
expo eel to ·uch activities by at lea t 50 percent. There was no 
difference in the co t per linear foot between the median and the 
concrete barrier because of tbe n::lntively high contract sr for 
the median compared with median cost · in other ·tares. However, 
u c of the median will save a minimum of $40,0 0 ($80,000 n 
thi proj ct) by eliminating the us of impact attenuators at the 
concrete barrier end sections. Lt is expected that the costs will 
decrease a · mor median are used ; the c 1 per linear foo t of 
the median was 40 percent lower on th sec nd project in Virginia 
using the median . There i no vidence to . ugge t that the tem
porary asphalt median directly contributed to any accid nts. 
However , it doe appear that the presence of an intersection 
within two-lane. two-way operation may have bee1·1 a factor in 
some accident . The medi11n performed well. Guideline were 
developed for the use of the median. 

Two-Ian two-way operation (TLTWO) describ tile traffic 
flow pattern that results when one side of a four- lane divided 
highway is closed for reconstruction or repair and its traffic 
i. diverted to the other icle . Traffic flowing in opposi11g direc
tions is limited to two lanes. A TL TWO is us~d when there 
is no feasible alternative. In Virginia, portable concrete median 
barriers are typically used to separate opposing streams of 
traffic in TLTWO. 

Temporary barriers have four specific functions: to protect 
traffic from entering work aJeas, to provide positive protec
tion for workers, to separate two-way traffic, and to protect 
construction (1). When stTUck , the portable concrete barrier 
provide protection by redirecting vehicles. The need for such 
J ositive protection to enhance ·afety i an important factor 
to consider in determining the type of treatment for TL TWO. 
The use of the barriers should be based on an engineering 
analysis that includes such factors as traffic volumes, traffic 
peeds , offset and duration (1). There is no c nsensus 011 

pecific warrants for temporary barrier. (1). 
Because the portable concrete median barrier i · expensive 

and it may not be needed or desired under certain traffic 
conditions, there i a need t r a afe. c t-effective alternative 
for separating opposing traffic treams in TLTWO. Moreover 
although experience with TLTWO in Virginia is limited , its 
use is expected to increase given the current and expected 
levels of bridge rehabilitation activities. 

Virginia Transportation Research Council, Box 3817 University 
Station, Ch~rloucsville, Va. 22903. 

A typical temp rary a phalt median (also called an island) 
is 12 in. to 18 in. wide and 4 in. high is painted with reflec
torized yellow paint, and has orange tubes with reflectorized 
white collars m unted about 50 ft apart as shown iJ1 Figure 1 
(2). The median is highly visible and provides more po itive 
delineation than the concrete barrier, especially at night. 
Because the median is narrower than the barrier, it occupies 
less of the travel lane. Several state departments of trans
portation including th e of orth Carolina Fl rida , Oh·io 
and Penn ylvania , have succes fully u ed th median typi
cally on roads with average daily traffic (ADT) volumes under 
30 000. The medians are generally not recommended where 
physical (protective) separation of the opposing lanes is required 
or where the traffic volume is high, for example, where the 
ADT is above 50,000. 

The estimated costs of installing, maintaining, and remov
ing temporary asphalt medians was expe{;ted to be about one
third to one-sixth of those for portable concrete median bar
riers in Virginia. The time required to install and remove an 
a phalt median wa f und to be substantially le · than that 
required for installing and removing a concrete barrier (3). 
Thi difference iJ1 time .is an important afety consideration 
if the installation and removal must be done during exposure 
to traffic. 

Because of limited operational experience with the medi
ans, there is no consensus on the traffic and geometric con
ditions that warrant the use of temporary asphalt medians (1). 

OBJECTIVES AND SCOPE 

The bjectives wer to evaluate the performance of temporary 
asphalt median for use in TL TWOs a an alternative to the 
ponable concrete median barrier and, if appropriate, to develop 
guidelines for the u e of temporary asphalt median for the 
Vi.rginia Department fTran portation (VDOT). Both medi
an· aud concrete barriers were studied. Emphas.i wa. on a 
comparison of the installation and removal costs and the 
performance of the asphalt median. 

METHODS 

Five activities were conducted to accomplish the study 
objectives. 

Development of Specifications 

Specification for the temporary asphalt medians were devel
oped primarily on the ba i · of a telephone survey of state 
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FIGURE 1 Temporary asphalt median. 

departments of transportation (DOTs) that have used the 
median. Following the survey, the r' ·p ndents sent additional 
information, such as specifications and guidelines on the tern· 
porary asphalt medians. A computerized literature search and 
a literature r vi w upple:uented the survey. A synthesis of 
this information re ulted in a pr p sed pecification that was 
reviewed and revis d by VDOT ·taff. 

Selection of Sites 

Much effort in soliciting si tes for this study WAS directed to· 
ward the di ·trict traffic engineer and the Location and Design 
and Traffic Engineering Divi ion. . riteria for site selection 
were developed . The solicitations were made periodically 
thr ugbout the study period. 

Field Evaluation 

Data wer collected at the study it on thr e phases of tbe 
field evaluation: i11srallatio1.1 of the median and TLTWO 
maintenance of TLTWO and removal of the median and 
TLTWO. Traffic volume, speed, and vehicle classification 
data were collected. Research Council staff collected data 
during tbc installation and 1· moval phases , and they also 
collecred the lTaffic data. Tile VDOT on- ·ite p.rojecr inspector 
provided data n the maintenance of the TL WO work zone. 

Comparative Analysis 

An attempt was made to comparatively analyze the temporary 
asphalt median and the concrete barrier. Comparisons were 
made of the rates and costs of installation and removal. 

Development of Guidelines 

Guidelines for the use of the temporary asphalt median for 
TL TWO were .developed based on the study activities. 
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RES UL TS AND DISCUSSION 

Survey Results and Specifications Development 

Survey Results 

Information on the use of temporary asphalt medians in five 
states was obtained through te lephone :uiveys five srnte 
D T . The median cro section was either the , hape f a 
trapez id or a rectangle with round d corner . The base width 
ranged from 12 in . through 18 in . wi1h ·1 h ight of 4 in . The 
median was painted with yell w r fl Cl rized paint. A curb 
machine was typically used to install the median (a mall 
pa ernent-widening machine may al.<> be u<:ed . range tubu
lar marker 18 to 36 in. high paced 50 !(l 55 ft apart , with 
whit reflcctorizcd ·leeves or collars provided additional 
delineation for the median. Raised pavement markers were 
used in one rate as an alternative delin ator. Drainage open
ings \ ere provided in th ' median al a spAcing of 25 to 500 
ft d pending on drainage requirements. 

Use of a temporary asphalt median is not a factor in deter
mining the speed limit for TLTWO . T h peed limit i deter
mined on th basi. of fac tors such as work zone c nditi ns 
road geometric , and traffic volumei. Ln addition lower peed 
limit. through work zones are often ign reel by motorists. The 
Rondside Design Guide con ervatively suggests that the tcm
por:.Hy asphalt median he 11 cl with peed · f 45 mph r less 
until th re i · more operational experien e with th m clian 
(J). Fr m the urvey findings the speed limi1 wa ·eliminated 
as a factor in the use of the temporary asphalt median. 

There have been n acciclenl probl ms as a re. ult of using 
the median on ~ ur- and ix-lane divided road under ADT 
vol.umes nrnging from 10,00 to 60,000. On one project, a 
six-lone divided roadway was converted to a four- lane, two
way op rat ion on one side of the road using the shoulder as 
a lane. Overall, the median was successfully used by all five 
state DOT. 

Specifications 

The -pecifications used for the tudy are h wn in igure 2. 
They wer developed fr 111 a synthesis of the survey of state 
D Ts with minor revisions by VDOT personnel. 

Site Selection 

Th following Lhree criteria were u · d for . electing the site 
for the temporary a phall median: ADT between 6,000 nnd 
30 000 vehicles per day, TL TWO maintained a minimum of 
2 months, and a four-lane highway. In addition, sites that 
Alisfied these criteria and that used the New Jers y concrete 

barrier to eparatc traffic w re of interest as comparison ite . 
One site was _elected for u e of the temporary asphalt 

median . Aclditi nal ·tudy sites were not found because of 
infrequent use of TLTWO, which limited the number of 
potential sites, and reservations by VDOT t using the median. 

The temporary asphalt median for TL TWO was selected 
for installation on the eastbound approach of a U.S. primary 



VIRGINIA DEPARTMENT OF HIGHWAYS AND TRANSPORTATION 
SPECIAL PROVISION FOR 

TEMPORARY ASPHALT MEDIAN 
October 29, 1986 

I. Description: 

This work shall consist of the construction, maintenance ond removal of o temporary 
osphol1 median for maintenance of traffic. 

II. Materials: 

(o) Asphalt m"dion shall be Type 1-2 bituminous concrete conforming to Section 212 of 
the Specifications. 

(b) Raised povemcnl markers shall conform lo Section 243 of the Specifications, 
except both sides of the pavement marker shall be yellow. 

(c) Tubular pavement markers shall be from the Deportment's approved products list. 

Ill. Construction Methods: 

The bituminous materials shall be placed and compocled, on a clean pavement surface 
without using o tack coal, al the locations and lo the dimensions shown in the provisions or 
as directed by the Engineer. 

Drainage openings shall be 12 inches in length and spaced ol 300 foot intervals or as 
directed by the Engineer. 

Tbe Department will point Iha temporary osphall medion, before the Contraclor inslolls 
the lubular ond rolsod pavement markers; lnstcllotion sholf be in accordance wilh the 
provisions arid manufocturer's recommendations. 

The Contractor shall main laln the t"mparory asphalt median until its removal is required 
and replace ony mi5'ing or damaged l.ubular or raised pavement markers within 24 hours of 
not lficallon by the Engineer. 

IV. Method of Measurement: 

Temporary asphalt median will be measured in units of linear feet. 

Tubular pavement markers will be measured in units of each. 

V. Basis of Payment: 

Temporary osphatl median wi II be paid for in uni Is of linear feet, complcle-in·plocc, which 
price bid shall include furnishing, placing and maintaining raised povemenl 1narkcrs, 
removal of temporary medial> ond markers and all materials, labor, tool s, equipmenl ond 
incidenlols nece5sory lo complclc lhe work. 

Tubular povcmenl markers wil l be paid fo r In uni ls of each, complete-in-place, which price 
bid sholl include furnishing, placing and removal of tubular pavement markers and for all 
materials, labor, loot, equipmenl and incidcnlals necessary lo complete the work. 

Payment will be mode under: 

Pay Item 

Temporary Asphalt Median 
Tubular Povemenl Markers 

:JcTAIL OF TEMPORAi?Y A5PHAt.T McDIAN 

PLAN TYPICAL 5ECTIOJV 

Linear Fool 
Each 

f ••>• '"'•'•' Mo"u 
(,' 

; #h. fe ~ncop ~ vla~t:a /,,,.,. 
_ ret/r' ,.;..,c 51'1~r,.;n~ s/e~.,,e$ ,. , 

··- £ 
1-1,·-i 

T..,o,.,lor ond Ji>a,~ •" Puve,,,c'11" M~rl:'cr Spot:. ;,,9 • 40 ~~ 

12 •ncll cirt>u'10!Jt: opt:n">'J SpOC•."<; • 300 ;'f'. for 
~tJp~r~lc~""Q1"~..J c1;rw1t:~ or D• d,,-.,~ed 0~ of"~~ 
E11,,,, • • ,., 

FIGURE 2 VDOT special provision. 
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route during rec nslruction f Lhe westbound bridge acr ss a 
river. The ·tudy si te is a four-Jane, divided. rural hiehw:iy 
section . A uniqu feat ure of thi . it i the pre ence of an 
inter ection with a two-lane l cal road within the TW 
section . he vertical a lignment wa r la tively level. There was 
a slight hori1. ntal curve near the western end f th TL TWO. 
The temporary a phalt med ian wa used from the bcgiiming 
of the crossover tran iti 11 throu >h the tangent section t th 
beginning of the exiting er ssover transiti n. 

Field Evaluation 

Median Installation 

A temporary asphalt median wa in tall ed n Augu ·t LO- J l , 
1987. T he length of the median was 2 2 0 fl. About one-half 
of the median wa installed on the first day bef re th asphalt 
curb machine ma lfunction d. lt was noted that rhe asphalt 
mixture (YD T Typ 1-2) wa crumbling. Consequen tly, n 
the second day , a uncr, m dified pe J-2 aspha lt mixture 
was used . •our workers we r invo lved in the median insta l
la tio.n: (a) the curb machine guider (b) the clump truck cl1·iver , 
(c) them ni tor of the asphalt en tering the machine, and (cl) 
the inspector of the med.ian and cleaner of loose a, phalt (Fig
ure 3). The asphalt median was installed at a rate of 420 
ft/hr. 

Aft r a. ccliuu f the median was installed, the medi a n wa 
painted yellow with a spray gun , and reflectorized glas beads 
were manuaUy spread on the top of the media n. Three prob
lems were encounte red in tbe paint pr ces.: (a) the manual 
painting with the spray gun w<is low, (b) the paint was absorb cl 
by the h t asphalt and as a resull (c) the glass b ads did n t 

adhere to the paint. Therefore, Lhere was little or no r fl ec
torizatioa from the paint. Next, raised pavement marker 
and tubular markers were in tailed on tJ1e median. The two 
marke rs were a lternated every 40 ft. 

Traffic Data 

The ADT was about 7,000 vehicles, 87.7 percent of which 
were passenger cars and long, two-axle , four-tire vehicles; 5.4 
percent were two-axle vehicles with six tires or three- or four
axle vehicles; and 6. 7 percent were vehicles with five or more 
axle .. The 85tb percentile speeds for we tbound and ea t
bound approaches were 48 mph and 58 mph , respectively. 
The speed of the traffic on the westbound approach may hav 
been lower because it was the approach that crossed over 
the existing median and the data collection point was about 
200 ft from the first crossover. Data collected on lateral place
ment and headway were omitted because of an equipment 
malfunction . 

Monitoring TLTWO 

T he VD T prnject inspector monitored and recorded the activ
itie related to work zone traffic con trol (Figure 4) . The con
tractor maintained the TLTWO. A ummary of the incidents 
is pre enter! in able 1. 
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FIGURE 3 Median installation process. 

There were nine incidents in which a t Lal of 2 tubular 
markers we re hit by vehicle , primarily fa rm machinery. old 
weather and wind appea1·ed t c us six tubes to break and 
hot weather resulted in th bending ( five tubes . A total f 
34 tubular marker were replaced. Initia lly. 29 tubular mark
er were installed and 4 more were added to mark the nds 
of the median for snowplows. T he replac men t rate for th 
tube. wa about 100 percent. Four of the ·ix incid nt of Type 
II barricades being hit in the transition occurred in the first 
five week of TL TWO. Accid nt at the intersection occurred 
throughout the durati n f the project. Accidents ase dis
cus ed in the next ecti n. From the tire mark it appea red 
that in one incident an ea tbound ve hicle dr v nto the right 
shoulder and then cros ed over the median. It is not known 
whether this incident was intentiomtl. Thi wa the only inci
dence fa vehicle crossing the median and it occurred about 
2 month aft r installation. No damage wa reported . 

Accidents 

Between Augu t 11 , 19 7, and August 8 1 , 11 accidents 
occurred during TLTWO : 9 angl accidents at the intt: ec
tiow 1 overturn , a lcohol-influenced accident; and 1 run-off
the-road (R R) accident. There were five injury accidents 
and six property damage accident . None of the accidents 
involved a fatality. 

The following trend were noted: (a) 7 of the 11 accid nts 
occurred during the daytime on the weekend , (b) 9 of the 
11 accident occurred during tJ1e daytim with clear wearher 
(c) 5 of the 9 angle accident involved drivers aged 60 or 
over fai ling to yield (3 of the 9 angle accident invoJved a 
driver aged 79 or over failing to yield the right-of-way), and 
(d) 7 of the 9 angle accidents inv lved a we tbound vehicle 
on the U.S. primary route and a northbound vehicle on the 
local road. 

In the 1-year period before the installation of TLTWO
August 11, 1986, through August 9, 1987-there were no 
accidents. Two years before , there were three accidents, one 
angl at lh~ intersection and two ROR accidents . In the third 
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WORK ZONE TRAFFIC CONTROL LOG 

Month and Year: 

Name and Title: 

Date Damage Description location (see reverse) Action Taken and Date 

ZONE ZONE 2 
1 

ZONE J 

··---------- ·· · ... _t ---·---- -·-

ZONE ZONE 2 
I 

ZONE 3 

FIGURE 4 Monitoring form. 

ZONE 4 ZONE I ZONE I 

ZONE 9 ZONE 
10 

ZONE I ZONE 
10 
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TABLE 1 INCIDENTS BY FREQUENCY OF OCCURRENCE 

Type of Incident 

Tubular markers broken/damaged 
Type II barricades hit 
Accidents at the intersection 

Number of Incidents 

11 
6 
5 (9 based on accident 

reports) 
Type III barricades or barrels vandalized 2 
Yarning signs hit 2 
Type II barricade stolen 1 
Vehicle crossed median 1 

TOTAL 

year before, there was one accident, an angle accident at a 
store entrance. 

Intersection control beacons (flashing overhead caution sig
nals) were installed at the intersection several years before 
construction as a countermeasure to reduce intersection acci
dents. The beacons were removed during construction because 
the support poles were in conflict with temporary pavement 
construction. Maintaining intersection control beacons during 
construction may have resulted in a lower accident frequency. 

In the traffic control planning phase of this project, there 
was some concern about the presence of this intersection within 
TLTWO. A special effort was made to provide temporary 
and permanent warning signs on the approaches of the local 
road anrl rlelineation of travel through the intersection. 

It is suspected that violations in driver expectancy at inter
sections of four-lane divided roads may have contributed to 
the seven angle accidents involving a westbound vehicle on 
the U.S. primary route and a northbound vehicle on the local 
road. Usually, the driver of a northbound vehicle stops at the 
intersection, looks left (for eastbound vehicles) to see if it is 
safe to proceed, proceeds to the median opening, and stops 
and looks right (for westbound vehicles) to see if it is clear. 
But with TLTWO on the eastbound approach, it is necessary 
for the driver of a northbound vehicle to look both left and 
right to see if it is clear before entering the intersection. 

Some older drivers have some difficulty at intersections 
with information processing and decision making (4); these 
difficulties are compounded by the presence of TLTWO. 

It is further suspected that the conditions of the intersection 
would be worse with the use of the concrete barrier instead 
of the median because the higher barrier would further restrict 
sight distance at the intersection. 

Initially, a before-after accident study with a comparison 
group was planned. This study was eliminated because the 
lack of accidents 1 year before reconstruction would have 
resulted in division by zero in the analysis (5). 

Because the accident experience during reconstruction was 
high, it appears that the accidents were connected with the 
presence of an intersection within the TLTWO. There is no 
evidence to suggest that the temporary asphalt median directly 
contributed to any of the accidents. 

Removal of the Median and TLTWO 

TLTWO ended on August 8, 1988, with the opening of the 
new westbound bridge. The median was removed on August 
8-9, 1989, in three phases (Figure 5): a front-end loader was 
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FIGURE 5 Median removal: top, front-end loader removing 
median; bottom, sweeping loose gravel. 

used to push the asphalt median into a pile toward the left 
shoulder, a tractor with a sweeper attachment swept the loose 
asphalt from the travel lane toward the shoulder, and a second 
front-end loader loaded the asphalt from the median onto a 
dump truck for transport to a storage area. During the first 
two phases, the second front-end loader was removing the 
median crossover pavement. 

The median was removed under traffic conditions. The front
end loader operator moved the median out of its position and 
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into the closed left lane during gaps in the traffic stream. The 
median was then pushed into piles about 500 ft apart. The 
average rate of removal by the loader was 606 ft/hr (with a 
standard deviation of 144 for four samples). 

Field Evaluation Finding 

The temporary asphalt median performed well at the study 
site. 

Comparative Analyses 

Two comparative analyses were made between the temporary 
asphalt median and the New Jersey concrete barrier for 
TLTWO: (a) installation and removal rate and (b) cost. 

Installation and Removal Rate 

Using an asphalt curbing machine, the temporary asphalt 
median was installed at a rate of 420 ft/hr. The concrete barrier 
was installed at a rate of 200 ft/hr based on a study on a four
lane interstate highway on September 1, 1987. The temporary 
asphalt median can be installed about twice as fast as the 
concrete barrier. Therefore, the time that traffic is exposed 
to installation activities is about 50 percent lower for the median 
than for the barrier. The rates are not for a complete instal
lation because painting the median, installing markers for the 
median, installing warning lights on panels, and painting the 
temporary pavement marking adjacent to the barrier are not 
included. Because these activities are typically done concur
rently with the median or barrier installation, it is expected 
that the additional time would be relatively small. 

The removal rate for the median was 606 ft/hr. It is esti
mated that the removal rate for the barrier is equal to the 
installation rate of200 ft/hr because the procedure is reversed. 
If the removal rate for the median is reduced to 450 ft/hr to 
allow for complete removal, this will mean that the median 
can be removed 2V2 times faster than the barrier, thus reducing 
exposure to traffic by 60 percent. 

Cost 

The contract price for the complete installation and removal 
of the temporary asphalt median was $10.00 per linear foot. 
Because the average cost of the concrete barrier is $10.00 to 
$11.00 per linear foot, there was no difference in cost in 
Virginia. The tubular markers were priced at $50.00 each. 
Average costs for temporary asphalt median projects in other 
states are shown below. 

State 

Pennsylvania 
Ohio 
West Virginia 

Asphalt Median Cost 
($/linear foot) 

2.10 
2.35 
7.18 

Unit Cost 
($/tubular marker) 

18.00 
18.70 
34.00 

In every case, especially for Pennsylvania and Ohio, the costs 
are substantially lower than for Virginia. It is expected that 
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the prices will decrease as VDOT uses more temporary asphalt 
medians. In the second project in Virginia using a median, 
the contract price was $6.00 per linear foot. This parkway 
project on a six-lane , divided highway in a suburban area was 
initiated near the completion of this study. 

In th initial project plans fo ur G .R. .A.T. impact alten
uator were proposed for the two ends of the concrete barrier 
and at both sides of the break in the barrier at the inter ection. 
At a unit cost of $20,000 for the impact attenuators, $80,000 
was saved by eliminating them when the temporary asphalt 
median was chosen over the concrete barrier. In addition, 
sight di lance at the intersection was improved with the u of 
the temporary asphalt median instead of the concrete b, rricr. 

Development of Guidelines 

The second project objective was to develop guidelines for 
the temporary asphalt median, if appropriate. The Location 
and Design Division was directed to develop guidelines for 
the use of temporary asphalt medians to provide information 
and instruction and to promote use of the median. The guide
lines were developed with input from the Traffic Engineering 
Division and the principal investigator of this research . Con
sequently, instead of developing separate guidelines for the 
temporary asphalt medians in this research , this researcher 
reviewed the Location and Design Division's guidelines and 
special provision and made comments and suggestions. 

Guidelines 

The VDOT's guidelines for the use of temporary asphalt 
medians are shown in Figure 6. The guidelines consist of two 
parts: general notes and a detailed drawing of the temporary 
asphalt median. 

Considering the median for TL TWO with traffic volumes 
between 4,000 and 15,000 vehicles per day is restrictive com
pared with the approach of other state DOTs. However, this 
restriction reflects VDOT's cautious approach to using the 
median. Although it is mostly used on four-lane divided roads, 
the median in TL TWO is suitable for use on four-lane undi
vided roads. The guidelines do not address four-Jane, two
way operations (FLTWO). However, FLTWO was used on 
the parkway project; therefore, FL TWO should be mentioned 
in the guidelines. The decision to use the asphalt median is 
made on a project-by-project basis, typically using traffic anal
ysis methods. The volume guidelines are not very useful com
pared with the traffic analysis. Therefore, volume guidelines 
may be omitted. 

From the experience at the study site, the following two 
suggestions are noted: 

1. Tubular markers should be placed at the ends of the 
median to delineate them for snow removal activities. 

2. Special attention should be given to traffic control at an 
intersection that is within a TL TWO, especially the side street 
approaches of the intersection. Special attention may include 
extensive warning signing, supplemental pavement markings, 
and intersection control beacons. 



Hay 16, 1900 

ERRATA SHEET 

INSTRUCTIONAL AND INFORMATION MEMORANDUM 
LD-87(0) 9).8 

CONSTRUCTION ZONE SAFETY 
Sheet 7 o! 10 (7 sheets added) 

This rev ision is to add, under the subheading GENERAL , the following gu idelines 
for the use of Temporary Asphalt Medians and for the use of Police Patrols in 
construc iion zones: 

Temporary Asphalt Medians 

Temporary aspha lt medians are to be cons idered on two-lane, two-way 
temporar y de tours !or tra llic volumes betwee n 4000 and I },000 VPD. 

Each location is to be reviewed and have the joint approval of applicable 
District, Trallic Engineering and Location &. Design personnel . 

Each locat ion ~hould use geome trics that provide an operating speed equal tu 
that of the existing roadway, where possible, to minin11 ze opera11unal 
proble ms. (See Standard GS· I 0) 

The SEQUENCE OF CONSTRUCTION/TRAFFIC CONTROL PLAN is to include 
the required temporary asphalt median layout det ai ls along with the includi!d 
"DETAIL OF TEMPORARY ASPHALT MEDIAN" that is a vailable in the C ADD 
SEC TION for inc lus ion in the plans. 

Payment will be made under: 

Pay Item 

Temporary Asphalt Median 
Fle~ible Post Oelineator 

Pay Unit 

Lin. Ft. 
Each 

Item Cod~ 

24285 
24286 

DETAIL OF TEMPORARY ASPHALT MEDIAN 

PLAN 

~40')-

TYPICAL SECTION 

::=i !01010101 c:: 
--i I:? r--JOO'---j I:? r-

o Derdes Flexible Po.st Dellreotor 

• Oerdes Temporary P<NemerJ Marker 

Spoclrr; Between Flexible Po.st Dellneators and 
T etrriorary P<NemerJ Marker • 40 ff. 

Spoclrr; Between 12 Inch DrolllO<)e OperlfYJS • JOO ff. 
For Superelevoled Curves, The Spoclrr; Is As Directed 
By The Err;lneer. 

T 
H 

1 

fNd lo ScoteJ 

Oro(}}f! Flexible Post Dellneotor 

"'-Wlile Eooopsulafed Lens 
Reflectlre Stt:ellrr; Sleeve 

Palrled With YellCJH Reflector/zed 
Traffic lam PalrJ 

-;r 
~~...... Type 5-J or C-1 

Asftr;lf Cooorefe 

H· 36' lrJerslole or Otte Um/led kcess 
Roodwu,'S. 28' NI Others. 

W· 2'h' Alln., 4' Max. 

FIGURE 6 VDOT guidelines for use of a temporary asphalt median. 
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Special Provision 

From the experiences at the study site and this review, addi
tional notes and changes on field practices for the installation, 
maintenance, and removal of the median are suggested below . 

•For better quality, faster application, and better reflec
tivity , the median should be painted with a paint truck instead 
of manually with a spray gun. (At maximum height the paint 
truck carriage can apply a 10-in. swath of paint and glass 
beads , so two passes are necessary.) The hot asphalt median 
should be allowed to cool before painting for better paint 
adhesion and less paint absorption. Other options to consider 
are the use of (a) temporary pavement marking tape on the 
side of the median and paint on the top and (b) raised pave
ment markers on the side of the median to supplement the 
paint. 

• Some districts prefer that the contractor instead of VDOT 
be responsible for painting the median. In some districts, 
much of the painting related to construction, as well as other 
construction-related traffic activities, is done by contract. This 
not only allows VDOT traffic forces to focus on maintenance 
activities but also relieves them of tying up a paint crew that 
is dependent on the contractor's schedule. It is suggested that 
the district determine whether VDOT or the contractor will 
paint the median . 

• The two 6-in. reflective sleeves on the tubular marker 
should be replaced by the option of a 13-in. reflective sleeve 
(as shown in the guidelines) or a 6-in. (at the top) and 4-in . 
sleeve spaced 2 in . apart. The 13-in. sleeve was recommended 
based on a study to optimize the tubular marker design (6), 
whereas the latter option is in accordance with a recent change 
in the Manual on Uniform Traffic Control Devices (7). 

• The contractor should be encouraged to use efficient 
methods for the installation and removal of the median. 

These VDOT guidelines and the special provision should 
be expected to change as VDOT gains experience with the 
temporary asphalt median. To aid in the evolution of the 
guidelines and the special provision, it is necessary to docu
ment each use of the temporary asphalt median by VDOT. 
The report should include 

1. The project title and location; 
2. The time period of median use and the location of the 

TL TWO; 
3. The contract price for the median and tubes; 
4. Median installation and removal methods; 
5. A description of any deviations from the guidelines, 

including the reason and the result; 
6. A general description of incidents and accidents during 

TL TWO; 
7. A description of any problems encountered and their 

solutions; and 
8. The name, address, and telephone number of the project 

inspector or person submitting the report. 

The report should be submitted to the Traffic Engineering 
Division. 
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CONCLUSIONS 

The following conclusions can be drawn from this study: 

• The temporary asphalt median was installed two times 
faster than the concrete barrier, thereby reducing the time 
traffic was exposed to installation activities by about 50 
percent. 

•The median was removed roughly 2Y2 times faster than 
the concrete barrier, thereby reducing the time traffic was 
exposed to removal activities by about 60 percent. 

• There was no difference in the cost per linear foot between 
the median and the concrete barrier because of the relatively 
high contract price for the median ($10.00 per linear foot) 
compared with median costs in other states (28 to 79 percent 
less) . However , an $80,000 savings was achieved with the 
median by eliminating the need for impact attenuators at 
concrete barrier end sections. It is expected that the cost will 
decrease as VDOT uses more medians. (The median cost per 
linear foot was 40 percent lower on a recent project.) 

• There is no evidence to suggest that the temporary asphalt 
median directly contributed to any accidents . However, it 
does appear that several accidents can be attributed to the 
presence of an intersection within TLTWO. 

• The temporary asphalt median performed well at the study 
site. 

• VDOT has a special provision and guidelines for the use 
of temporary asphalt medians for TL TWO . Suggestions were 
made to improve these items. 

ACKNOWLEDGMENTS 

The research reported here was financed from Highway 
Planning and Research funds administered by the Federal 
Highway Administration. 

REFERENCES 

1. Roadside Desig11 Guide. AASHTO , WashinglOn, D ... 1989. 
2. Temporary Asphlllt ls/n111ls for 1'vllli11te11m1ce of Two-Way Traffic 

Through 011stmcrio11 Zo11es. FHWA , .. Deparuncn1 of Trans
portation 1983. 

3. Design Co11slderatio11sfor Two-Lane, Two-Way Work Zon e Oper
ations. Report FHWAJRD- 3/112. FHWA, U.S. Department of 
Tran portation , 19 3. 

4. Special Report 218: Transportation i11 a11 /\gi11g Society: Improving 
Mob:tity and afety for Older Persons. Vol. 1. TRB. National 
Research Council, Washington, D.C., 1988. 

5. Evaluation of Highway Safety Projects: Procedural Guide. FHWA, 
U.S. Department of Transportation, 1979. 

6. R. F. Pain, H. W. McGee, and B. G. Knapp. NCHRP Report 
236: Evaluation of Traffic Controls for Highway Work Zones. 
TRB, National Research Council, Washington , D.C., 1981. 

7. Manual on Uniform Traffic Control Devices. FHWA, U.S. 
Department of Transportation, 1978. 

The opinions, findings, and conclusions are those of the author and 
not necessarily those of the sponsoring agencies. 




