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freeways. The bar.rie r was used at several test 
sites after the study was compl eted, and it has 
performed well accord ing to TSDHPT engineers. 

The used car barrier can be used to protect high
way construction and maintenance personnel at work 
sites where conventional positive construction zone 
barriers are impractical. It can be set up and 
removed quickly enough to be used when maintenance 
is scheduled to take only a few hours. The used car 
barrier should therefore reduce injury and fatality 
rates among highway construction and maintenance 
personnel. 
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Crash Tests of Portable Concrete Median Barrier for 
Maintenance Zones 

JANS. FORTUNIEWICZ, JAMES E. BRYDEN, AND RICHARD G. PHILLIPS 

An 8-ft version of New York's standard 20-ft portable barrier was evaluated 
through full-scale crash tests. The 8-ft barrier is both shorter and more port
able than the standard concrete median. It employs the basic Now Jersey 
shape and New York's pin-connected joints but is not connected to the pave
ment. Four full-scale crash tests were performed with 2,250- and 4,500-lb 
sedans at about 60 mph and 15- or 25-degree angles. Test results were gen
erally good in terms of vehicle accelerations and occupant-vehicle impact 
velocities. Lateral barrier movement was similar to that experienced with the 
20-ft barrier sections. Vehicle reactions were somewhat violent, especially in 
the 25-degree impacts, which demonstrates the severity of high-angle impacts 
with rigid barriers. Smooth barrier surface textures appear to be important 
for minimizing vehicle roll angles. Performance of 8-ft barriers appears com
parable to that of the 20-ft lengths now in use. 

Research reported by New York State in 1980 (l) dem
onstrated that a portable concrete barrier with 
20-ft sections is suitable for use on construction 
projects. A similar use of portable concrete median 
barrier (CMB) by state maintenance forces could im
prove safety in work zone situations for both state 
forces and the motoring public. Some drawbacks of 
the standard 20-ft CMB, as noted by the New York 
State Department of Transportation's (NYSDOT) High
way Maintenance Division, are its size, weight, and 
requirements for handling equipment. A standard 
20-ft long section weighs about 8,000 lb and must be 
set in place by a crane. Maintenance forces often 
have only light equipment available to move and set 
barriers, and the amount of heavy equipment that 
would be required to move and set a 20-ft CMB is un
available. The Highway Maintenance Division sug
gested 8-ft sections, weighing about 3,200 lb each, 
for full-scale crash tests to determine the perfor
mance on impact of the shorter barrier. Verifica
tion of adequate performance of the shorter sections 
of temporary CMB would permit their use in an antic
ipated major bridge rehabilitation program during 
the next decade and in other maintenance work zones 
where a positive temporary barrier is warranted. 

METHODOLOGY AND DESCRIPTION OF BARRIER 

Four full-scale tests were conducted to determine 
the performance of 8-ft sections of portable CMB 
with New York State's standard pinned connection 
(Figure 1). Evaluation parameters included vehicle 
redirection and impact severity, barrier damage, and 
barrier movement. Testing details were taken from 
Transportation Research Circular 191 (ll• Data 
analysis and reporting procedures were subsequently 
revised to reflect the requirements specified in 
NCHRP Report 230 (]), 

The test matrix was composed of longitudinal bar
rier length-of-need tests designated in NCHRP Report 
230 as nos. 10 and 11, Two strength tests were per
formed--one with and one without added joint re
straints--and impact severity tests were performed 
on both smooth- and rough-textured barriers. This 
test matrix was sufficient to determine if the 
shortened version of the portable CMB would perform 
satisfactorily and to find any drawbacks because of 
the smaller mass of each unit. 

In all tests the barrier was the basic New Jersey 
shape as used for the current standard New York bar
rier (standard sheet 619-3R2), following reinforce
ment recommendations by Southwest Research Institute 
(4). Except for section length and minor adjust
ments in reinforcing detail, the revision was iden
tical to New York's current standard. The barrier 
installation consisted of 20 sections of 8-ft bar
riers, placed in a straight line and anchored by 
three steel pins into the pavement at the first and 
last section. Joints were secured by connection 
keys. For one of the four tests, sections were 
pulled to remove any slack in . the joints, and port
land-cement mortar was packed into the bottom of the 
joint to restrain movement during impact. The test 
sections were placed on an asphalt pavement to simu
late typical field installations. The 8-ft sections 
were delivered with a rough-brushed surface texture 
which the fabricator had applied to cover minor air 
voids. For the final test, two 20-ft barrier sec-
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Figure 1. Portable CMB details. 
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tions with a smooth surface texture were substituted 
in the impact zone to determine the effect of the 
rough surface on vehicle redirection . Because the 
first three tests on the 8-ft sections demonstrated 
that the 8- and 20-ft sections performed about the 
same in terms of lateral barrier deflection, dif
ferences in the fourth test could be attributed to 
surface texture. 

RESULTS 

Results of the four full-scale crash tests of the 
8-ft-long portable CMB are summarized in Table 1. 
Lateral movement is summarized in Table 2. The 
total barrier joints affected by impacts in both 
lateral and longitudinal directions are summarized 
in the table below. Note that in test 44 the vehi
cle had post-impact contact with the barrier along 
the top edge; the barrier was anchored at the up
s tr e arn and downstream ends. In test 46 the joints 
were grouted. In test 47 two 20-ft sections were in 
the impact zone. 

Total Joints DiSElaced 
Test Longitudinal Lateral 
4T"" 16 7 
45 6 4 
46 9 8 
47 7 4 

In the first test (no. 44), a 4,300-lb Plymouth 
sedan hit the CMB installation 58.0 ft from the be
ginning at 64.9 mph and 27.1 degrees. On impact the 
vehicle's right side immediately climbed to the CMB 
top, the hood opened, and the vehicle pitched up -8 
degrees and deflected the barrier about 17. 0 in. 
Pe ak s.'s were 14.2 longitudinal and 18.9 lateral, 

with peak 50-msec averages of 7.2-.9. longitudinal and 
8.6-s. lateral. The vehicle was redirected, but, be
cause it was at a high roll angle of -54 degrees 
left and had its underside ag~in~t the harrier, re
direction was not smooth. The vehicle contacted the 
barrier a number of times and the right-rear tire 
caught behind the barrier top when its right side 
came down. The left-front tire directed the vehi
cle's front away from the barrier initially, with a 
10-degree left exit angle, but, whe n the damaged 
right-front tire recontacted the g r ound, the front 
end pitched down to a maximum of +23 degrees and in
creased its deceleration. The rear end lifted and 
the vehicle rolled right 180 degrees, yawed 90 
degrees left about its fron t end, and came to rest 
on its roof. 

Vehicle damage was severe--the roof and hood were 
dented, front suspension was heavily damaged, the 
frame was damaged, the right-side sheet metal was 
damaged, and both right. i: i ces were blown. Roof 
crush was probably exaggerated because the targets 
concentrated the impact in the center of the roof. 
Barrier damage was moderate and consisted mostly of 
scratches and spalled areas. Section 7 had a 
cracked base and sections 8 and 9 had hairline 
cracks in the backside surfaces (Figure 2). 

In the second test (no. 45), a 2,175-lb Vega im
pacted the CMB installation 54.0 ft from the begin
ning at 65.5 mph and 16.1 degrees. The vehicle's 
right side immediately climbed to the CMB top and 
pitched up -2 degrees. The barrier was deflected 
2.75 in. The right-front tire blew out and the 
steering and suspension were damaged on impact, 
Peak .9.'s were 11.4 longitudinal and 10,5 lateral 
with peak 50-msec averages of 5.6-.9. longitudina l and 
6.8-.9. lateral. The vehicle was redirected with an 
exit angle of 5 degrees left and maximum pitch down 
of +8 degrees, with a maximum roll left of -64 de-

iiil 

... 
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Table 1. Test results. 
Item Test 44 Test 45 Test 46 Test 47 

Impact conditions 
Speed (mph) 64.9 65.5 61.1 61.4 
Angle (nominal) 25.0 15.0 25.0 15.0 
Angle (measured from film) 27.l 16.1 25.2 15.2 
Vehicle weight (lb) 4300 2175 4350 2175 
Point of impact" 58.0 54.0 54.5 53.0 
Exit angle 10.0 5.0 8.0 5.0 
Exit speed (mph) 30.8 55 .4 45.3 53.2 
Max roll (degree) -54.0b - 64.0 -42.0 -J 1.0 
Max pitch (degree) +23.0 +8.0 +10.0 +3.0 
Max yaw (degree) +90.0 0.0 +270.0 0.0 

Barrie1 length (ft) 160.0 160.0 160.0 160.0 
Contact distance (ft)' 16.0 22.0 20.5 29.0 

Initial total distance 80.0 70.0 
Time (msec) 1,458d 287 1,790d 206 

Barrier deflection (in.) 17.00 2.75 6.75 3.50 
Accelerations (g) 

50-msec avg 
Longitudinal 7.2 5.6 5.6 3.5 
Lateral 8.6 6.8 6.1 7.5 

Max peak 
Longitudinal 14.2 11.4 12.7 7 .9 
Lateral 18.9 10.5 10.5 JU 

Occupant impact velocity (ft/sec) 
Longitudinal , 2 .0 ft 24.1 16.7 21.6 -e 

Lateral, 1.0 ft 19.2 13.6 17 .6 15. 3 
Occupant ridedown acceleration 

Longitudinal , I 0-msec avg (g) 6.0 3.3 5.0 -· Lateral, l 0-msec avg (g) 7.4 7 .9 5.7 6.0 

Notes: Test 44 - Ungrouted joints, Test 45-Ungrouted joints, T~st 46-Grouted joints, and Test 47-Two 
smooth-faced 20-ft sections in impact zone, ungrouted join ls. 

a forom beginning of installation. 

bVehicle rolled+ I 80 degrees after leaving barrier. 

clnitial impact contact distance, not counting lateral contact. 

dFrom first contact to last contact with barrier. 

eOccupant impact did not occur; maximum occupant velocity rnlalive to vehicle was 7.5 ft/sec. 

Table 2. CMB lateral movement. 

Base Movement (in .)" 

Test 44 Test 45 Test 46b Test 47' 

Joint Upstream Downstream Upstream Downstream Upstream Downstream Upstream Downstream 

I 
2 
3 
4 -1.0 -0 .5 +0.5 

5 -2.5 -2.75 

6 -6.0 - 6.0 - l.75 -2.00 -4.5 -4.5 - 2.0 -2.5 

7 -13 _5 - 13 .75 -2 .75 - 2.75 -6.75 -6.5 -3.5 -2.75 

8 -17.0 -17 .0 - I.75 -1.75 -6.75 -6.75 +0.5 
9 -13 .25 -12.5 - 0 .50 -a.so -5 .00 -5.00 

10 -4.5 -4.5 -3.0 -3.0 

11 +1.5 +l 0 -1.0 -I.SO 
12 +2.0 +2.0 
13 
14 

Notes: In tests 45, 46, and 47 impact occurred between jojnls 6 and?. ln test 44 impact occurrecl between joints 7 and 8. 
3

Movement is displacemt!nt from original position: - means away from traffic , and+ means toward traffic; all measurements to the base made from 
reference marks of original position on pavement . 

bGrouted joints. 

cTwo 20-ft sections in impact zone, 

g rees. The vehicle would have rolled over had not 
the 1-in. 2 data cable bar mounted on the rear con
tacted the ground and acted as a counterforce to itf 
roll. After leaving the barrier, tt,e full weight of 
the vehicle came down on the left side, the right 
side recontacted' the ground, and the damaged front 
end caused the vehicle to swerve to the left, where 
it was stopped by a cable and safety fence. 

Vehicle damage was moderate--the steering and 

front suspension were damaged, the right-front tire 
was blown, the front end and right side had sheet
metal damage, and the right-hand edge of the wind
shield was cracked. Barrier damage was only cos
metic, such as scratches and tire marks. 

In the third test (no. 46), a 4, 350-lb Chevrolet 
sedan i mpacted the CMB installation (w ith grouted 
joints) 54 . 5 ft from the beg i nning at 61. l mph and 
25 degrees. On impact its right side c limbed to the 
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Figure 2. Barrier damage from test 44 (left) and test 46 (right). 

CMD top, the vehicle l'itched up -5 degrees, and the 
barr i er was deflected 6.75 in. Peak .9.'s we re 12.7 
longitudinal and 10.5 laterai, with peak 50-mseo 
average:;; of 5. 6-.9. longitudinal and 6 . l-.9. lateral. 
The vehicle was redirected with an exit a ng le of 8 
degrees left and a maximum roll of -42 de.grees 
left. The right-rear tire caught behind the barrier 
as the vehicle lost roll angle, which caused its 
weight to be s hifted to the left-front tire with a 
maximum pitch down of +10 deg rees and yawed it to 
the left. The rear end o f the vehicle i:emained on 
the barrier while yaw increased and the roll changed 
to the right. The damaged right-front tire and sus
pension wRrP hro•1')h do wn t o t he ground, the vehicle 
decelerated further, and yaw increased. The rear 
end of the vehicle reached the end of the barr i e r 
installation and came off the barrier then bounced 
on the ground and continued to yaw untii it was 
stopped by the cable and safety fence with a maximum 
yaw of +270 degrees left. 

Vehicle damage was severe; the front and rear 
suspension were particularly affected. Both right 
tires were blown, the front sheet metal and bumper 
were damaged, and the windshield was cracked. Bar
rier damage (Figure 2) was moderate, including 
scratches, gouges, hairline cracks, a nd broken 
corners. 

For the last test a smooth-finish barrier face 
was used instead of the rough hand-finished texture 
that was supplied by the precasting company and used 
in the first three tests . Because the 8-ft sections 
on hand had a rough-textured finish, two 20-ft CMB 
sections left over from previous tests were used for 
test 47 in the i mpact area to determine if surface 
textu.re affected ve hicle roll. Ri gh roll angles 
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were observed in the first three tests. The angles 
seemed to relate to the rapid front tire climb after 
barrier contact. Barrier deflections recorded in 
the first three tests were sufficient for ~valuation 
of the 8-ft CMB sections, and lateral barrier de
flection appeared similar to that of the 20-ft sec
t ions tested earlier. 

I n test 47 a 2,175-lb Vega impacted the CMB in
stall at i on ~3.0 ft f r om the beg i nning at 61.4 mph 
and 15.2 degrees. On impact the vehicle climbed the 
barrier, but this time only halfway up, and pitched 
up less tha n - 3 degrees . Maximum roll was -11 de
grees right, and it was redirected quite smoothly. 
Peak .9.' s were 7. 9 longitudinal and 11. l lateral; 
peak 50-msec averages were 3. 5- s_ longitudinal and 
7. 5-.9. lateral. A maximum pitch of +3 degrees down 
p receded its less o f c ontact with th e hurrie r. Th e 
vehicle left the barr ier 82 ft fr om the beginning a t 
an exit angle of 5 degrees left. No yaw was ob
servea ana the vehicle continued i ts exi t ,m t i l 

stopped by safe ty cables. 
Vehicle damage was mode rate , mostly involving 

sheet metal and the front suspension and steering. 
The barrier was not damaged except fo r scratc hes and 
tire marks. Deflection was measured as 3.5- in. 
maximum. 

DI SCUSSION AND FINDINGS 

Several advantages are offered by 8-ft barrier sec
tions comparea with the now-standard 20-ft sec
tions. In addition to improved ease of handling 
because of shorter length and lighter weight, the 
8-ft barrier sections can also provide better con
formity with uneven pavement. However, before 
shorter sections could be used, it was necessary to 
ensure that barrier performance was not affected 
adversely by the shorter sections and to determine 
their def l ection on impact. 

Earlier work by Ivey (5) predicted that de flec
tions would be similar for- the two section lengths; 
however, the 20-ft sections were expected to deflect 
slightly more than shorter ones, provided that bar
rier unit weight remained constant. Table 3 com
pares lateral deflections for tests with both the S
and 20-ft sections. In test 17 compared with test 
44, with ungrouted joints, the 8-ft sections de
flected only 1 in. more, although impact speed was 
12 mph greater. In test 18 compared with 46, with 
grouted joints , the 8-ft sections deflected less 
than the 20-ft sections, although impact speed was 6 
mph h igher= Tests 44 and 16 also rGconfirmed the 
value of pulling the joints tight and packing with 
grout to reduce joint deflection. 

=i'h t: a uc cen t Uesiyn Oeiieccion aiscances for £U-ft 
sections and impact conditions of 4,500-lb sedans at 
60 mph and 2 5 aLe 11 and 16 
and ungrouted joints, respectively. 

if1. [oc ycouted 
Based on these 

Table 3. Comparison of lateral barrier deflections for 20- and 8-ft section 
lengths. 

Impact Conditions 

Vehicle Barrier 
Weight Speed Angle Length Deflection 

Tes t (lb) (mph) (•) (ft) (in .) 

n• 4,250 53 25 20 16 
1s• 4,230 55 25 20b II 
44 4,300 65 27 8 17 
46 4,350 61 25 8b 6.75 
45 2,1 75 66 16 8 2.75 
47 2, 175 61 15 20 3.50 

3From Hah n and Bryd en (!). bCrout ed. 
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tests, the use of the same design deflections for 
any section lengths between 8 and 20 ft appears to 
be conservative. Although some small refinement in 
these deflection values might be possible, any such 
change would probably be no more than a few inches 
and thus does not justify additional testing for 
such a small refinement. Finally, comparison of 
tests 45 and 47 confirms that substitution of the 
20-ft sections in the final test had only a minimal 
effect on barrier deflection. 

NCHRP Report 230 (]) provides the current evalua
tion er iter ia to which this barrier's performance 
was compared in Table 4. Portable CMB has generally 
met structural adequacy er i ter ia when strong joint 
connections were used between sections, and these 
8-ft sections also proved adequate. Criterion A, 
which requires vehicle redirection, and criterion D, 
which prohibits barrier fragments, were both met by 
this barrier, although redirection trajectory was 
not smooth for the two large-sedan tests. In addi
tion, in both of the large car tests, the vehicles 
protruded behind the top of the barrier, which might 
result in a hazard if workers or equipment were lo
cated near the back of the barrier. However, these 
reactions are typical of other crash tests of con
crete barrier, in terms of both vehicle trajectory 
and protrusion behind the barrier (J,~,]), and point 
out the desirability of limiting this barrier to 
locations where high-angle, high-speed impacts are 
unlikely. 

Table 4. Comparison of test results to evaluation 
criteria in NCHRP Report 230. Evaluation Factor 

Structmal adequacy 
A 
D 

Occupant risk 
E 
F 

Occupant impact velocity 
Longitudinal 
Lateral 

Ride<lown acceleration 
Longitudinal 
Lateral 

Vehicle trajectory 
1-J 
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In terms of occupant risk, CMB has also often 
resulted in marginal results for high-speed and 
high-angle collisions, and these tests are no excep
tion. Criterion E limits vehicle roll, pitch, and 
yaw, but three of these four tests were marginal be
cause of high roll or yaw. Only the fourth, which 
was a 15-degree impact against the smooth-faced bar
rier, resulted in a smooth vehicle trajectory. 

Figure 3 compares the results of similar impacts 
in tests 45 and 47 by using nearly identical vehi
cles and impact conditions. In test 45 a -64-degree 
roll resulted on the rough barrier face, which ap
peared to promote severe wheel climb. On the smooth 
barrier face in test 47 roll was limited to only -11 
degrees. In test 45 the impacting front wheel 
climbed at a 30-degree angle nearly to the top and 
then at a flatter angle to the top of the barrier. 
In test 47 the wheel climb angle was only 22 degrees 
and ended well below the top of the barrier. 

Other possible causes have also been suggested 
for the difference in vehicle roll between these 
tests in addition to barrier surface texture. Al
though in test 45 speed and angles were slightly 
more severe than those in test 4 7, this difference 
would not seem to cause such a large increase in ve
hicle climb. Differential barrier tipping, which 
might vary with section length, could also be ex
pected to influence vehicle climb. Close examina
tion of the test films, however, revealed no measur
able barrier rotation in the vertical plane in any 

Test 44 Test 45 

Marginal3 OK 
OK OK 

Not good Marginal 
Not good Marginal 

_ b OK 
b OK 

_b OK 
_ b OK 

OK OK 

Test 46 

Marginal" 
OK 

Marginal 
Marginal 

b 

b 

OK 

Test 47 

OK 
OK 

OK 
OK 

OK 
OK 

OK 
OK 

OK 

aVchicle w.is redirected, but trajectory was not smooth. 

Figure 3. Vehicle roll and wheel climb in test 45, 
with rough surface texture (above) and test 47 with 
smooth surface texture (below). 

bThese evaluation criteria were not evuluated for strength tests. 
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of the four tests . Analysis of t he g eome t ry o f this 
joint detail r e ve als t ha t the maximum possibl e dif
ferential barrie r rotation is about 2.5 degrees for 
this design. Thus, a smooth barrier face is desir
able to lim i t whP~l r.l im~ ~!'_0 !:~~12.lti~'; "s"~~icl.~ =~!!. 

In Table 1 all four tests, even with the more 
severe 25-degree impacts, are within the i:-ecommended 
occupant impact velocities and ridedown decelera
tions in criterion F. However, lateral 50-msec 
average decelerations somewhat exceeded the recom
mended values from Circular 191 (_~). For the 25-
degree impacts, those criteria are not generally 
expected to apply because of the increased impact 
severity. For the 15-deQrf!f! i mp11c,ts, however, the 
values of 6.8 and 7.5 ~ exceeded the recommended 5.0 
~- Although decelerations could be expected to be 
somewhat lower if impact speeds had not exceeded 60 
mph, these i.eal still point out the s everity of 
impacts with barr ier s as rigid as portable CMB . 

NCHRP vehicle trajectory cri teria we r e gene rally 
met by these tests. The vehicl ei; rema! ned r l.osP t.n 
the barrier after impact, thus satisfying criterion 
H. Because the vehicles did not intrude into ad
jace nt lanes, criterion I, relating to velocity 
change and departure angle, does not apply. 

Except for the upstream and downstream terminals, 
none of these barrier sections was connected to the 
pavement. The in-text table confirms that only a 
short barrier length was moved laterally (72 ft in 
the extreme cases), and only 120 ft exPerienced 
slight longitudinal movement. Thus, for installa
tions where the design lateral deflections can be 
tolerated, the data in this t able confirm t hat pin
ning the barrier to the pavement is not necessary 
even with 8-ft section lengths. 

Based on the results of these full-scale tests, 
the following findings can be stated. 

1. Portable CMB that meet New York's standard 
design criteria and use 8-ft section lengths pro
vided performance comparable with that of 20-ft 
lengths. 

2. Barrier surface texture should be as smooth 
as possible to reduce front-tire climb and resulting 
high roll angles. 

3. Portable 8-ft CMB sections using New York's 
pinned connected joints are an effective positive 
barrier for impact conditions of 4,500 lb, 60 mph, 
and 25 degrees, although smooth redirection cannot 
be ensured for 60-mph, 25-degree impacts, and the 
vehicle may i n t.r ude behind the barrier during redi
rection in these severe impacts. 

4e Lateral barrier deflections for the 8-ft sec
t i ons were similar to those for the 20-ft sect i ons; 
therefore, the same des ign deflections can be used 
for ~ny section lengLhs between 8 and 20 ft. 

5. Barrier deflection and corner damage were 
reduced by pulling the joints tight and grouting the 
lower 6 in. of joint, front and rear. 

6. Pinning intermediate barrier sections to the 
pavement is not necessary unless small lateral de
flections are required. 
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