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Eric F. Nordlin, James H. Woodstrom, and Robert N. Doty, 

California Division of Highways 

The results of four full-scale vehicle-impact tests into energy-absorbing 
barriers using water-filled plastic cells and cartridges are reported. 
This barrier absorbs the energy of an impacting vehicle through the 
movement of water horizontally as the barrier is shortened and verti
cally through orifices as the flexible water cells and cartridges are 
compressed. The recorded vehicle passenger-compartment decelera
tions indicated that, although unrestrained occupants would sustain 
moderate to severe injuries, in most cases, during 60-mph collisions 
with this barrier design, fully restrained (seat belt and shoulder har
ness) occupants would sustain little or no injuries during the majority 
of 60-mph impacts into the nose or side of the barrier. Jn addition, the 
barrier did not generate unstable vehicle behavior and , in conjunction 
with the bridge approach guardrail backstop, effectively redirected a 
vehicle impacting from the side. The overall barrier performance 
showed significant improvement over the concrete wedge-shaped deflec
tors currently in use in California on off-ramp gores . 

•ACCIDENTS where vehicles ran off the road accounted for approximately 50 percent 
of the fatalities on the California freeway system during 1967 and 1968. More than 50 
percent of the fat~lities resulting fr om this type of accident involved collisions with 
fixed objects such as bridge abutments, bridge rail end posts, and large sign supports. 
Consequently, the California Division of Highways is now striving to provide a 30-ft 
wide recovery area alongside the traveled way free of unprotected fixed objects. 

Providing protection for those fixed objects that cannot be removed or made "break
away" has often been very difficult. One of the problems for which no satisfactory so
lution has been developed is providing protection from hazardous fixed objects located 
in the gor e ar ea at freeway off- ramps . Thus , the California Division of Highways has 
been involved in a research program for the last 2 years to develop energy-absorbing 
barriers for use in gore areas. 

During 1967, 40 full-scale vehicle-impact tests of barriers incorporating water
filled cells were conducted and reported by Brigham Young University researchers (!). 
Based on the results of these tests and a few earlier unpublished tests by the original 
developer of this concept (John Rich Enterprises of Sacramento), the California Division 
of Highways undertook in 1968 a series of eight full-scale impact tests of barriers in
corporating the water-filled cell concept. The results of the four tests of the second
generation barrier are reported here. The results of the four tests on the much less 
satisfactory first-generation barrier can be found elsewhere (~. 

The California Division of Highways has also tested two other types of energy
absorbing barriers. The barriers utilized (a) 55-gal steel drums and (b) plastic drums 
containing sand. The results of the three tests of barriers using steel drums can be 
found elsewhere ®. The tests of the barrier using sand will be reported during the 
spring of 1971. 

Sponsored by Committee on Traffic Safety Barriers and Sign, Signal and Lighting Supports and presented at the 
50th Annual Meeting. 
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OBJECTIVES 

The primary objectives of this research were as follows: 

1. Test the ability of a barrier incorporating water-filled plastic cells to decelerate 
a 4, 700-lb vehicle impacting at speeds up to 60 mph such that (a) the maximum average 
40-millisecond (msec) deceleration sustained by the vehicle passenger compartment is 
no more than 12 g, and (b) the vehicle does not ramp, roll, or spin out in a manner that 
will result in additional damage to it, injury to its occupants, or hazards to oncoming 
traffic because of its final position. 

2. Generate barrier modifications dictated by the barrier behavior during the tests 
to decrease the decelerations sustained by the vehicle, minimize the amount of barrier 
debris created during a collision, and minimize the on-site repairs that would be re
quired to return the barrier to service. 

DESCRIPTION OF TEST PROCEDURE 

All four tests were conducted on a section of runway at an airport near Lincoln, 
California. The vehicles used for this series of tests were 1968 Dodge sedans weighing 
about 4,700 lb, including dummies and instrumentation, that impacted the barrier on 
the nose and side at speeds near 60 mph. Control of the vehicles was accomplished by 
a remote operator following 200 ft behind the test vehicle in a car equipped with a tone 
transmission system. A "trip line" placed in the vehicle path cut off the ignition just 
prior to impact. A study by Nordlin, Woodstrom, and Hackett (4) contains a descrip-
tion of this control equipment. -

The test barriers were 19 ft 6 in. long and incorporated rows of flexible water-filled 
plastic cartridges placed between plywood panels oriented perpendicular to the barrier 
axis. Fiberglass-coated plywood diaphragms were used for every fourth panel. Over
lapping fiberglass-coated plywood fender panels were attached to each end of each 
diaphragm so that they would telescope during head-on impacts but redirect a vehicle 
if oblique-angle impacts occurred. Lateral restraint was provided by two 7/s-in. diam
eter main cables plus two %-in. diameter secondary cables. 

All the tests were recorded with high-speed (250 to 400 frames per second), motor
driven Photosonic cameras that were manually actuated from a central control console. 
These cameras were located on both sides of the barrier and on a 30-ft light standard 
directly above the point of impact. Another Photosonic camera was located in the ve
hicle passenger compartment to film the movement of the dummies. This camera was 
started by means of a pin-actuated switch mounted on the rear bumper of the test ve
hicle. 

A motor-driven Hulcher camera with a speed of approximately 20 frames per second 
was located on scaffolding and provided documentary coverage of the tests. High-speed 
and normal-speed cameras were hand-panned through impact. still photographs, slides, 
and documentary movies of the test barrier and vehicle were also taken. 

TEST RESULTS 

The barrier used and its modifications are described in the following sections for 
each of the four tests reported. The primary variables were the impact speeds of the 

vehicles and the angles and locations of 
impact into the barrier. Table 1 gives 

TABLE 1 

TEST PARAMETERS 

Test No . 

215 
216 
217 
218 

Impact 
Speed 
(mph) 

57 .5 
61.8 
57 .0 
59.2 

a 13 ft behind the nose, 

Location on 
Barrier of 

Impact 

Nose 
Nose 
Sid ea 
Nose 

Angle With 
Barrier Axis 

of Impact 

Head-on 
Head-on 
9 deg 
8 deg 

these impact conditions. 
The decelerations included in the de

scriptions of each test are averages of the 
highest average decelerations sustained by 
the vehicle passenger compartment or the 
dummy over a 50-msec period unless 
otherwise noted. These measurements 
were taken using Statham strain-gage ac
celerometers mounted on the vehicle floor 
and on the back of the dummy. The decel-
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eration curves are given in another study 
by the authors (2). A discussion of the 
processing and i nterpretation of these 
types of data is included elsewhere (3). 

The effect of the measured vehicular 
decelerations was interpreted using the 
tolerance limits given in Table 2 . Injury 
severity predictions are related only to 
the direction of deceleration that appears 
to be most critical (i.e., no vectorial ad
dition of deceleration was accomplished). 
A discussion of deceleration tolerances 

TAB LE 2 

DECE L ERATION LIMITS 

Occupant Restra int Late r a l Longitudinal Tota l 

Unrestrained 3 5 6 

Seat belt 5 10 12 

Seat belt and shoulder 
harness 15 25 25 

Note: Measured in g in passenger compartment-highest 50 msec average. 

and the reasoning behind the choice of these values is given elsewhere (4). These limits 
define what would be, in the opinion of the authors, a survivable environment under al 
most all circumstances. 

Test 215 

Barrier Description-The overall dimensions of the test barrier used in test 215 
were a 19-ft 6-in. length, a 3-ft width at the nose, and a 7-ft width at the back of the 
barrier (Fig. 1). The basic module of the barrier consisted of four rows of cells con
tained by 1 %-in. fiberglass - coated plywood diaphragms; there were eight modules in 
the barrier plus a cluster of cells at the nose. Between diaphragms , the rows of cells 
were separated by a Y2-in. interior panel of Duraply plywood. There were three to five 
water-filled cartridges in each row (Fig. 2). Along the sides of the barrier, fender 
panels of 1 % in. fiberglass-coated plywood were hinged to each diaphragm at the nose
ward side of the panel (Fig. 3) . The length of these fender panels was such that they 
overlapped. Thus, backward movement (compression) of the barrier was not hindered. 
The back sides of the fender panels were attached with springs to the next rearward 
diaphragm. Fiberglass was used to provide not only additional strength but also a 
low-friction surface between the fender panels and the impacting vehicle. These fender 
pa...."t').cls \Vere dcvGloped for the purpose of redirecting vehicles that impacted the side of 
the barrier without permitting pocketing into the barrier. 

The cartridges used in the eight modules (126 total) were made of a thin vinyl-coated 
nylon fabric and were 24, 30, and 36 in. long (Figs. 3 and 4). Their outside diameter 
was 5% in. These cartridges were slipped through %-in. thick vinyl supporting rings 
that were fastened to the interior panels or diaphragms. The water-filled cells used 
in the nose of the barrier (18 total) were 6 in. in diameter, 41 in. long , and consisted 
of %-in. thick vinyl walls. 

The nose cells and the cartridges both had solid vinyl evaporation caps permanently 
attached with aluminum pop rivets. All the cartridges were filled with water, but only 
6 of the 18 nose cells contained water. 

Figure 1 . 



Figure 2_ 

Figure 4. 
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Figure 3. 

The third module back from the nose of 
the barrier contained no cells or car
tridges. The developers advised the use 
of this empty, or void, space for better 
dynamic response of the barrier (§). The 
theoretical effect of the void bay is shown 
in Figure 20 of the Appendix. 

Wire ropes were used to stabilize the 
entire barrier. Two parallel 7/a-in. pre
formed galvanized 6 by 19 wire ropes with 
independent wire cores extended from 
steel plates attached to a concrete anchor 
block in front of the barrier nose back 
through fabricated steel guides in the dia
phragms to the backup bridge rail at the 
rear of the barrier. These cables were 
designed to give the barrier lateral and 
vertical stability and limit pocketing dur
ing side-angle impacts. Two secondary 
cables of %-in. wire rope were used to 
stabilize the barrier nose during a side
angle impact (Fig. 5). They were attached 
to the anchor block and the first diaphragm; 
each cable anchor attachment included a 
pin that would shear when subjected to a 
4,000-lb load. After the barrier had been 
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Figure 5. 

compressed due to an impact, %-in . wire Figure 6. 
ropes were used to stretch out the barrier 
and reposition it. These wire ropes were 
attached to the unner and lower corners of each end of each diaphragm (Fig. 6). 

Diaphragms 6 . .ind 7 contained two %-in. steel plates in addition t~ the l %-in. 
fiberglass - coated plywood. Diaphragm 8 consisted of two %-in. steel panels and one 
12-gage steel sheet. This additional weight was also suggested by the developer to im
prove the barrier's dynamic response (§). 

The test barrier required a rigid backup structure. Thus, a bridge approach guard
rail nose structure typic3.l cf a gcre installation V.72.S constructed. In addition, a fab
ricated steel plate backup panel was attached to the nose of the bridge rail to provide 
a large bearing area for the barrier during impact (Fig. 7). (See Figs. 21 and 22 in 
the Appendix for additional barrier details.) 

Results of Test 215-Figure 23 in the Appendix shows a summary of the test results. 
The 1968 Dodge impacted the barrier head-on at a speed of 57 .5 mph. As rearward 
displacement of the barrier began, the fender panels rotated downward so that their 
lower rear corners penetrated into the asphalt concrete runway and restricted barrier 
compression. This, plus an 18-in. vehicle offset at impact, resulted in a lifting, rolling 
motion being imparted to the test vehicle. The vehicle traversed a 360-deg roll off to 
the right side of the barrier and came to rest several feet behind and to the right of the 
barrier (Fig. 8). Front-end crush varied from 0 to 20 in.; maximum crush was on the 
left side (Appendix Fig. 24). The top caved in, the windshield was broken, the left-

Figure 7. Figure 8. 



rear wheel was bent, the left-rear door 
was jammed, and there were scrapes over 
much of the surface of the vehicle. 

The barrier itself remained intact (Fig. 
9). However, some damage was sustained 
as many of the fender panels were scarred, 
and most were damaged on the rear
bottom corners where they were thrust 
into the ground as the barrier was com
pressed (Fig. 10). The edges of several 
diaphragms were broken or showed delam
ination of the plywood; hinges between 
fender panels and diaphragms were bent 
or broken in several locations. Damage 
was less severe toward the rear of the 
barrier. There was no damage to the steel 
backup structure. Static barrier displace
ment was 9.3 ft. 

Data From Instrumentation-An instru-
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Figure 9. 

mentation system on loan from the Federal Highway Administration was used for test 
215 and the succeeding tests (1). This system (the Wyle system) consisted of seven 
channels of FM telemetry for use on the barrier. The system included seven accel
erometers and two seat-belt force transducers and all the necessary signal-conditioning 
equipment for their use. The dynamic data from these transducers were recorded on 
a 14-channel analog magnetic tape recorder. 

In addition to the FHWA system, there were six channels of data transmitted through 
a Visicorder oscillograph. However, this did not produce usable results. The data in
cluded results from load cells on the two 7/a-in. cables and four pressure transducers 
in selected cartridges. (See Figs. 25 and 26 in the Appendix for the locations of the 
instrumentation.) 

The maximum compressive stress in the bridge approach guardrail tubular members 
was 4,500 psi. Maximum seat-belt load for the dummy driver was 513 lb; maximum 
load on the dummy's chest was 470 lb. 

The peak vehicular decelerations were 10 to 12 g in the longitudinal direction. The 
highest 50-msec average vehicle deceleration (longitudinal) was 7 .0 g (average of two 
accelerometers). Thus, in most cases unrestrained vehicle occupants would have sus
tained minor to moderate injuries under this longitudinal deceleration; restrained oc
cupants would probably have sustained little or no injuries. The peak longitudinal de-

Figure 10. 

celeration for the dummy was more than 25 g; 
the lateral and vertical decelerations were 10 
to 12 g. These decelerations were sustained 
for relatively short 5-msec periods. 

Test 216 

Barrier Description-In test 216, the bar
rier used for test 215 was modified by cutting 
off the lower 6 in. of all the fender panels and 
cutting the lower rear corner of the panels on 
a diagonal to eliminate penetration of these 
trailing corners into the runway, as had oc
curred during test 215 (Figs. 11 and 12). Also, 
metallic shoes (or skids) were added to the 
lower edge of interior panels, heavier hinges 
were used to attach the fender panels to the 
diaphragms, and all the evaporation flaps were 
removed to lessen, at least to some extent, 
the lateral discharge of the water and danger 
of loss of telemetry signal. 
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Figure 11 . 

Results of Test 216-Figure 27 in 
the Appendix contains a summary of 
the test results. A 4,690-lb 1968 
Dodge impacted the barrier head-on 
at a speed of 61.8 mph. Deceleration 
of the impacting vehicle was relatively 
smooth and the vehicle remained 
stable. Vehicle rise was a little more 
than 1 ft. 

The maximum crush of the vehicle 
forestructure was 20 in.; it occurred 
at the center of the vehicle (Fig. 13; 
Appendix Fig. 24). Buckling of the car 
body was indicated by a crimp in the 
roof over the door post on both sides 
of the car. The engine deflected the 
firewall back 1 to 2 in. steering wheel 
deformation was 1 % in. The steer-
ing column collapsed 2.9 in. 

Figure 12. 

Fender panels on the left side of the first three modules were scarred. The bottoms 
or top inserts or both were blown out of 16 cartridges. The barrier moved straight 
back with negligible lateral movement or buckling. Maximum vehicular displacement 
of the barrier was 16.3 ft, but the at-rest displacement of the barrier nose was only 
10.7 ft (Fig. 14). 

Figure 13. Figure 14. 
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Data From Instrumentation-Instrumentation was nearly identical to that used for 
test 215 (Appendix Figs. 25 and 26). 

The maximum pressure transducer reading from the cartridges was 110 psi. The 
maximum loads on the two %-in. wire ropes were 14,750 lb on the left and 18,750 lb on 
the right. The bridge-approach guardrail experienced compressive stresses from 3 ,060 
psi on the bottom left to 12,200 psi on the top left. Seat-belt loads up to 533 lb were 
measured for the dummy driver along with a maximum chest load of 530 lb. 

The vehicle longitudinal deceleration included three distinct 5 to 10 msec peaks. The 
highest 50-msec average vehicle deceleration {longitudinal) was 9.8 g. Thus, moder
ate to severe injuries would be sustained by 1mrestrained vehicle occupants in most 
cases. Little or no injury would be sustained by restrained vehicle occupants. These 
magnitudes and the general shape of the curve are in excellent agreement with those 
reported by the Texas Transportation Institute for a 64-mph, head-on impact of a 
4,650-lb vehicle (.fil. 

The longitudinal dummy trace had a shape very similar to that for the vehicle except 
that the peaks were higher (above 14 g for 5 to 10 msec). The first dummy peak occurred 
about 25 msec after the first vehicle peak, but the later peaks occurred at about the same 
time, presumably after the dummy was positioned against the seat belt or vehicle in
terior. The lateral vehicle trace was somewhat erratic; however, it appears as though 
the peaks coincide with the longitudinal vehicle peaks. The vertical dummy trace was 
similar in shape to the longitudinal dummy trace but with mostly lower peaks (8 to 12 g). 
This reflects the probability that the main motion of the dummy had strong components in 
both the vertical and longitudinal direction as it was decelerated along a diagonal path. 

Test 217 

Results of Test-The barrier used in test 217 was the same as that used for test 216. 
Figure 28 in the Appendix shows a summary of the test results. A 4,760-lb 1968 Dodge 
impacted along the side of the barrier 13 ft behind the barrier nose at a speed of 57 .0 
mph and an angle of 9 deg. After the vehicle struck the barrier, it was slightly redi
rected by the bari·ier fender panels. However, significant redirection was not achieved 
until the solid resistance of the bridge approach guardrail was utilized. There was 
virtually no rise of the vehicle forestructure. The right-front side of the car was se
verely crushed; there was no crush on the left side (Fig. 15; Appendix Fig. 24). The 
right-front door was jammed and the right doorpost was pa.i·tially torn loose at the roof 
c01mection. The right side of the hood cracked the windshield. Near the end of the col
lision, the right-rear quarter panel of the car slapped the barrier. This damaged the 
right-rear fender and the right end of the i·ear bumper. A crimp in the roof over the 
doorposts was sustained on both sides of the car; the radiator was buckled back toward 
the engine on the i·ight side. The steering wheel had a slight deforma tion, but the steer-

ing column did not collapse. 
Several fender panels were torn off the 

barrier on the left side, mainly because of 
hinge failures. Two panels were thrown 
8 ft beyond the final position of the car and 
two panels were lodged in the crushed 
front end of the car. The five cells on the 
left side of the bridge approach guardrail 
were all torn off and scattered along the 
path of the car. Shear pins in the secon
dary cables sheared off. Permanent dis
placement of the barrier nose was 1.5 ft 
(Figs. 16 and 17). 

Data From Instrumentation-The instru
mentation consisted of the FHWA system 
plus six e.'<tra channels i·ecorded directly 
on the Visicorder oscillograph. (See Figs. 
29 and 30 in the Appendix for the type and 

Figure 15. location of this instrumentation.) 
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Figure 16. Figure 17. 

The maximum pressure transducer reading was 50 psi. The maximum loads on the 
two %-ln. cables were 14,300 lb on the left and 11,500 lb on the right. The bridge ap
proach guardrails sustained compressive stresses from 3 ,540 psi on the top right to 
9,850 psi on the bottom left. 

Two accelerometer traces were produced in test 217 for both the longitudinal and 
lateral motions of the vehicle (4 total) and were filtered at 100 Hz. The two longitu
dinal traces were very similar with thin peaks above 15 g. The highest 50-msec av
erage passenger-compartment deceleration was 8.4 g (average of two accelerometers) . 
The two lateral traces were also similar. The highest 50-msec passenger-compartment 
average (average of two accelerometers) was 5.2 g. Thus, unrestrained vehicular oc
cupants would have sustained moderate to severe injuries in most cases. If restraints 
were used, no more than moderate injury would usually occur. The lateral traces were 
similar in shape to the longitudinal ones. The highest peaks (9 g for 5 msec) occurred 
on all four traces at about 190 msec after impact. At 430 msec after impact, all four 
records showed evidence of a deceleration pulse caused by the rear of the car slapping 
the barrier. 

The filtered traces for the longitudinal and lateral dummy motions appeared to be 
distorted by the noise; they showed large, somewhat erratic peaks. 

Test 218 

Test Results-The barrier used in test 218 was the same as that used for tests 216 
and 217. Figure 31 in the Appendix shows a summary of the test results. A 4, 760-lb 
1968 Dodge impacted the nose of the barrier at an angle of 8 deg and a speed of 59.2 
mph. The vehicle struck the barrier, rotated until it was nearly on line with the bar
rier axis, and continued to a stop in a manner similar to that of Test 216 (62-mph 
head-on impact). The crush in thevehicle 
forestructure formed an arc (plan view) 
with least crush at the fenders. Maxi-
mum crush at the center was 20 in. (Fig. 
18; Appendix Fig. 24). Once again, a 
crimp was noted in the roof over the door 
posts on both sides of the car. The left
front door was jammed, and the radiator 
buckled back around the engine. Vehicle 
rise was 1 ft 4 in. 

Maximum vehicular penetration was 
15.3 ft, andpermanent displacement of the 
barrier nose was 11.7 ft. There were de
lamination and splitting of some of the in
terior panels and diaphragms , bent and 
broken hinges, and gouging of some of the 
fender panels. However, no parts became 
detached from the barrier (Fig. 19). 

Data From Instrumentation-The FHW A 
instrumentation system was used in addi- Figure 18. 



tion to nine channels of information that 
were transmitted through a hardwire sys
tem to a second magnetic tape recorder 
(Appendix Figs. 29 and 30). 

The maximum pressure transducer 
reading from the cells was 64.0 psi. The 
maximum loads on the two 7/s-in. cables 
were 20,900 lb on the left and 5,450 lb on 
the right. The bridge approach guardrails 
sustained compressive stresses from 
4,800 psi on the bottom left to 12,000 psi 
on the top right. The maximum chest 
load on the dummy was 175 lb. 

The longitudinal deceleration sustained Figure 19. 
by the vehicle included three distinct peaks 
greater than 13 g (5-msec duration). The 
average 50-msec passenger compartment 
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deceleration (three accelerometers) was 10.2 g. This magnitude of deceleration would 
cause moderate to severe injuries in most cases if the vehicle occupants were not fully 
restrained. The fact that the vehicle impacted the nose of the barrier at an angle did 
not appear to cause large lateral decelerations. 

Accelerometer records were obtained for the motion of the chest of the driver dummy 
in the longitudinal, lateral, and vertical directions. Only the longitudinal record was 
transmitted by hardwire. It had a shape very similar to the longitudinal vehicle rec
ords, with two peaks exceeding 12 g fo r as much as 30 msec. The first dummy peak 
lagged the vehicle peak by about 40 ms ec; the other two peaks lagged about 20 msec. 

The lateral dummy record of motion showed a thin 20-g spike (5-msec duration), 
three or four other thin spikes with magnitudes of 8 to 10 g (also 5-msec duration), and 
low values elsewhere. The peaks occurred at the same time as the longitudinal dummy 
peaks, but the shape of the two curves was totally dissimilar. The vertical dummy rec
ord of deceleration was similar to that for longitudinal motion, except that the first, 
vertical peak was opposite in direction to the second and third vertical peaks. There 
was one thin (5-msec duration) 23-g spike; the second and third peaks (also 5 msec) 
were about 13 g. If the second and third longitudinal and vertical peaks are resolved 
vectorially, the resultant is about 18 to 19 g for each peak. · 

CONCLUSIONS 

The following conclusions are based on an analysis of the results of the full-scale 
impact tests conducted during this test series: 

1. The passenger-compartment decelerations measured indicate that passengers 
will have a good chance of sustaining little or no injury during high-speed collisions if 
fully restrained (with seat belt and shoulder harness). However, even unrestrained 
occupants will have a much better chance of surviving an impact with the barrier than 
they would if colliding with a fixed object. This is particularly true at impact speeds 
less than 60 mph. 

2. The post-collision trajectory of impacting vehicles will be acceptable in most 
cases. The final position of the vehicle may, however , be hazardous to adjacent traffic 
after oblique-angle impacts. 

3. During test 217, the vehicle was effectively redirected when it struck near the 
rear of the barrier; however, redirection appeared to be due more to the action of the 
bridge railing than to the fendering ability of the energy-absorbing barrier. Despite 
this observation, the fendering system is recommended on the basis of several unpub
lished tests by the developer in which test vehicles weighing around 4,500 lb and trav
eling 50 to 60 mph impacted the side and the nose of the barrier at angles of 10 to 20 
degrees with the barrier axis and were effectively redirected. 

4. The effort and number of barrier components required to place the barrier back 
in service will be minimal after the head-on and nearly head-on tests in most cases. 
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A significantly greater effort may be required to repair the barrier after the oblique
angle collision with the side of the barrier because of the amount of debris that is 
created during this type of collision. 

5. Minor drawbacks to this barrier system include the problems that might arise 
in protecting water in the cells from leakage, vandalism, and freezing. Also, the bar
rier is more complex than most other highway barriers and, as such, would require 
skilled construction and maintenance personnel as well as a relatively large number of 
maintenance components compared with most other highway barriers. 

6. Because most of the test objectives were successfully met using a moderately 
heavy passenger vehicle impacting at relatively high speeds, this barrier should per
form with reasonable effectiveness under the range of conditions that constitute the 
majority of gore-area impacts. 
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Appendix 

DETAILS OF BARRIER DESIGN AND PERFORMANCE 

The following figures contain pertinent data and photographs of the impact tests dis
cussed in this report. 
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c$ Vinyl Cell 

bl4i Anchor 
Holl in outtide row 
of Vinyl Cells 

No cell eortrid;11 in 
vinyl cells mcrk1d$E) 

Solid ¥inyl c.111 01 note 
a olon'il brid;eroi1 only. 

Open 1ockt:1 ot 
r:r.i:Mit a 1ndof 
wire rop411, 

_j 

LEGEND 

-:> -,., 

DIAPHRAGJl:l-ELEVATION 
-\ • 1' -0" 

·?.:inti Ed;t Prot1ctor1 , .. 
io 10 t. I Trun Hd 

Phillips T1ch Ser1w 

f' Ouraply Pan•I 

INTERIOR PANEL 
{•1'-0' 

Diaphragms 1 r 
1ttolnl11-; Cabl• 

It• Rope Clip 

___ tJL; +K:::.Pv l1aut Cable 

HINGE PLAN 

Spood~ bl! ophroom 

" I" j x2" s 14 nterior Fbnel 

Vinyl foam lope 

C:11! 

No. t4 Hex Hd bolt e. WCJtlMlr St_ruduro' RinQ 
8 Speed nut-wolht>r cOMb (Vfnyl) 

CELL·-PLAN 
No Scale 

r
'"' Boek"P Uni1 

,. 
~ 9<!118 WCllf'llll 

2MIO. side of 
Oiaph '1. -.--

co Wire Rope 

,!.d~{•9" fon...,kle 
Slidt St1 

SECONDARY CABLE 
f ·1'-0" 

HINGE DETAIL 

©- Kl•Oro C".shlerl C. 11 Cc.,t,14t1 @- lntt oor Ponel-112" duroofy otpoo4 (ti Shel• Site-pt·,., ~· 1U~ 11n1p1 

ICU'I· -oniund ) 

BARRIER 

[Vln:tT COOl!ttl R)IOn fobr1ol llfi tote! 
®-fendtr Pa~- I Ii"~ fibero !nuid ®- ft•auaining Coble- 7/8•,,.r• rapt 

P'1•oo4 
@- 1Xo,:hro9m- I ll2~ U ben~ toueo 

ol)"o-
@- PuJloul Coble - 3/B wlte l'094I 

DETAILS - TEST NO. 215 - 218 

Figure 21 . 

@ 11 i•Oro C:usl't lop Ct1lh- 1.011~ v.nyl. 
l28 1 01~1 1 

@ St1corid1ny Cab!c 119"' wire l'01)tl 

t h 11'.:L &l'l1a r IXI\ 



BC.l 

I 

180'. R. 

______ .....:;.:_'"' "'"'"'"'" """'! ""m""' d 
180' R. <r 

~ 

-J> '<0 
I -., 

t 
"" I 

-"' 

WELOEO SPLICE. TOP llo BOTTOM RAIL B.c.J ci-
PLAN 

I 
~ BRIDGE APPROACH GUARD RAILING TYPE B ===r BARRIER RAILING TYPE 9 

•4'-s" • j • *10'-o" *10'-o" *e'-s" 1'-s"! • *10'- o" , \ , *10'- o"-----< 

SECTION A-A 
3/8"=1 '-o" 

TUBING 

~~ii. 
(J'if:P 
'""'#} 
~~~ Ll 

~ti~]~ti~~~~-- -----
*MEASURED ALONG FRONT FACE OF RAILING 

ELEVATION 

2- 1" DIA. 1 3 ~2" H.S. BOLT 
~ W/NUT a 2 WASHERS. 

HOLES 

2%" 

~:..""" 
"' 

SCALE: :!l/16"=1'-o" 

1-1=_ :......~<W=~.;.4 __ 4 
t 

I ~8" 1 4" SLOTTED HOLE IN 
TUBE - BOTTOM S JOE ONLY 

TUBE-BOLTED SPLICE DETAILS 
1"=1'-0" 

Figure 22. 

TYPICAL GORE -
ENERGY ABSORBER TESTS 

.... .... 
~ 



"Tl ce· 
c: 
~ 

"' l\J 
~ 

+ 

.-LJ 
+ i· · ,.,. 0 

l 
V'I 5 ~ 
00 ~ ~ :\: 
V> 

J 
V> 

() • () .}• 
n n 

Barrier Depth 
No. of Water-Fl I led Cells 
Permane n t Displacement of Barrier Nose 
Deceleration Distance-Passenger Compartment 
Maximum Vehl~ular Deformation 
Passenger Compartment Deceleration 

(Highest 50 ms avg. - accelerometer) 
Vehicle Average Deceleration-Calculated 

1 Left front door removed. 

0 . ,.,. ,.,. 
V> 
() 

n 

19.5 Ft. 
126 

9. 3 Ft. 

20 I n. 
7. 0 GI s 
(lc•ng.) 

Ro 11 ed 

Test No. 
Date 
Vehicle 
Vehicle Weight 

3 
-0 
QI 
n .... 
+ 
0 . 
0 ...., 

"' () 

n 

(W/Dummy and Instrumentation) 
Impact Velocity 
Impact Angle 
Dummy Restraint 

215 
7-16-69 

1968 Dodge 
4690 Lbs. 1 

57.5 mph 
Head-on 

Lap belt 

, ... , ... ,,.. 



VEHICULAR CRUSH 
WATER- FILLED CELL ENERGY 

Bottom HeildllQht 
Fro me 

--l I 
--- '\I ,,. -- .. 

I 
I 
I 

I 

--../ --- 'J ----
Bottom HeadliQht 

Frame 

I ;. __ 
1 / - _ TEST #216 --
~ /-- -·\ ... (62 MPH Headon) /,. --

~ ---- ----- ----.. ----- ---- ---- ------ - - - - -I 
I 
I 
I 
I 
I 
I I 
I I 
I --/ --- TEST#217 --
t' ,.---- -,, (57 M".'.'f :.-Sid• I ' 
..,, --- ---- ---- ----------- - -- - - -

I 

L/ ---- TES~-:.21• ---
L..,,,---- --,, (59 MPH 8°-Nose) .J"' ------ ......__ ---- -- -- ---- ------- --.. - --- ----

Figure 24. 
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CALIFORNIA DIVISION OF HIGHWAYS 

VEHICLE INSTRUMENTATION 

WATER-FILLED CELL ENERGY ATTENUATOR TESTS 

Rea,. Axle 

...---- /,,_/ __ __,, 

E 

39·•--J !--vehicle C.G 

...,. ____ ,.._. ------! jm-Trarisd ucer 

Tests #215 & 216 

CHANNEL LOCA-
NO. TION 1 

! A 
2 E 
3 c 
4 c 
5 c 
6 c 
7 c 

Notes: 

DESCRIPTION 

100 "G" longitudinal accelerometer 
100 "G" longitudinal accelerometer 
50 "G" longitudinal accelerometer 
50 "G" lateral accelerometer 
50 "G" vertical accelerometer 
Force meter In dummy's chest 
Lap belt tension transducer 

Car 

1 A and E on vehicle floor; C on back of dummy's chest cavity. 

Figure 25. 



BARRIER INSTRUMENTATION 

~ ~~ 
~1 

t-~-..,... y ,_, 
I 

.... ~ ~,_ ,_q: 
......... ......... 

- ~ 
,,.. ,.., 
,._'" ,_'"' i. ,....._ .... ,_,., ,_ ,_ ,_ ,_ ..... ,,.. .... 

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

---i,.,.. 

LEC~ND: 

• = Strain gage -on top of 
top and bottom bridgerails 
(Total 4) 

• = Pressure transducer in 
water cells. 

© = Load cell on main cables 

... = Accelerometer. 

TESTS 215 a 216 

-.... .... tr :---
"''- '"' "" - - n-= r-r-- >< 

I ... >< >< 
""' LL ~'- I >-<><>< 
,_ ,_ --y - ,.._ 

Event marker ~ 
tapesw i lches at 20' OC 

Five flashbulb 
' tapesw1tches al 10 OC 

TEST 215 

Five flashbulb 
tape switches at 10' OC 

TEST 216 

Figure 26. 

b--

l~nlllon 
cut-off 
1 · 1· rip 1ne 

117 

Veh\olo f 

'---

l9ni tlon 
cut-off 
lripline 

Vehicle f 



"Tl 
.c· 
c: 
Ol 
N 
:-..a 

3 
1J 
Qj 

+ 

1 .. I ~a: J : N 0 . 
...... ..... 
..... ~ r . N . " 0 

<II <II f ~ en I ~ 
Cl Cl ~ Cl - ..... 
0 0 

'" n ·. en 
Cl 
0 

(!Im "r.J:i. - -~~~ •"-~ . 

Barrier Depth 19. 5 Ft. 
126 

10. 7 Ft. 
18. 0 Ft. 

Test No. 216 
No. of Water-Fl lied Cells 
Permanent Displacement of Barrier Nose 
Deceleration Distance-Passenger Compartment 
Maximum Vehicular Deformation 
Passenger Compartment Deceleration 

(Highest 50 ms avg. - accelerometer) 
Vehicle Average Deceleration-Calculated 

1 Left front door removed. 

20 In. 
9.8 G's 
(long.) 
7. l GI s 

Date 9-3-69 
Vehicle 1968 Dodge 
Vehicle Weight 4690 Lbs. 1 

(W/Dummy and Instrumentation) 
Impact Velocity 
Impact Angle 
Dummy Restraint 

61.8mph 
Head-on 

Lap be 1 t 

.... .... 
00 



"Tl 
"5" 
c: 
iil 
I\.) 

?l 

3 
"1::1 

+ 

· ~ + 

Ill 

• 
n 

0 
I {•-'' -.- ~ t ~ : .... 

t I ~ '~ • • 0 
a- : . -1'"1 

I • + 
N -

N ~ ' ~ 0 

"' 
~ . "' . "' 0 It ct J ·~ ct n n .. .iJl.b~ • . ..Ji n 1.11 

"' " n 
1 .... ~lt'r •tlij ~ ~"W r . ~· ! 'l -~ j J I .,- l~a...~_mim-

Barrier Depth 
No. of \.later-Filled Cells 
Permanent Displacement of Barrier Nose 
Deceleration Distance-Passenger Compartment 
Maximum Vehicular Deformation 

19. 5 Ft. 
126 

1.5 Ft. 

Passenger Compartment Deceleration 
(Highest 50 ms avg . - accelerometer) 

Vehicle Average Deceleration-Calculated 

8.4 G's 
(long.) 

Redirected 

Test No. 
Date 
Vehicle 
Vehicle \./eight 

(\.//Dummy and Instrumentation) 
Impact Velocity 
Impact Angle 
Dummy Restraint 

217 
9-25-69 

1968 Dodge 
4760 Lbs. 

57.0 mph 
9° (side) 

Lap belt 

...... ...... 
<:O 
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CALIFORNIA DIVISION OF HIGHWAYS 

VEHICLE INSTRUMENTATION 

WATER-FILLED CELL ENERGY ATTENUATOR TESTS 

Rear Axle 

-== 7L 
I 

4 
~ c 

~A 

f jma 

Test #217 

CHANNEL 
NO. 

I 
2 
3 
Ii 
s 
6 
7 

Test #218 

I 
2 
3 
Ii 
s 
6 
7 
G 
H 
I 

Notes: 

.SS"~ 

LOCA-
TION 1 

A 
A 
E 
E 
c 
c 
c 

A 
A 
E 
E 
c 
c 
c 
E 
B 
E 

DESCRIPTION 2 

100 "G11 longitudinal accelerometer (T) 
100 11c11 lateral accelerometer (T) 
100 11G11 longitudinal accelerometer (T) 
so 11G11 lateral accelerometer (T) 
so "G" longitudinal accelerometer (T) 
so 11c11 lateral accelerometer (T) 
so 11G11 vertical accelerometer (T) 

I 00 "G 11 I ong I tud Ina I acce I erometer (T) 
100 "G 11 lateral accelerometer (T) 
I 0 0 11 G11 Ion g I tu d In a I a cc e I er om et er ( T) 
SO 11 G11 lateral accelerometer (T) 
SO "G 11 vertical accelerometer (T) 
Force meter (In dummy's chest cavity) 
SO "G 11 lateral accelerometer (T) 
SO 11 G11 lateral accelerometer (U) 
50 "G 11 longitudinal accelerometer (U) 
100 11 G11 longitudinal accelerometer (U) 

Cor 

1 A and E on vehicle floor; C on back of dummy's chest cavity, 
B In dummy's chest cavity. 

2 
(T) • telementry, (U) • umbilical cord. 

Figure 29. 



121 

BARRIER INSTRUMENTATION 

L 

LEGEND: 
• = Strain gage -on top of 

top and bottom bridgeroils 
and on pa.nels. 

• = Pressure transducer in 
water cells . 

© = Load cell on main cables. 

"" = Accelerometer 

TESTS 217 a 218 

---
I 0 Approach line 

1 (Vohicle)l9h1 wheel I 

j lo'-O"IT""j -., 

1
~ 

Ignition cut-ofl/6 

1 ~ I 
tripline . 

Two event marker 
tapoawitches at 20' OC 

Five flashbulb tapesw1tches at 10 OC 

TE·ST 217 

Three avant morker topeswitches -----t<""-~L 

Five flashbulb tapeswitches at 10' OC ---+<--

TEST 218 

Figure 30. 

-
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(t ' - "I] I (t k ~ 
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n ., . "ofll 
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~ _ ...... . __ -·- . 

Barrier Depth 
No. of Water-Filled Cells 
Permanent Displacement of Barrier Nose 
Deceleration Distance-Passenger Compartm~nt 
Ma~lmum Vehicular Deformation 
Passenger Compartment Deceleration 

(Highest 50 ms avg. - accelerometer) 
Vehicle Average Deceleration-Calculated 

+ 
0 

-..,,., 
VI 
(t 
n 

~- ~-

19. 5 Ft. 
126 

11.7 Ft. 
16,9 Ft. 

:ZO In. 
10' 2 GI s 

(long.) 
6,9 G's 

•'~ ' 
I :i i ~ ~ 

·" l 
)~ 

'· ~ . - . 
" - ~~ 

') 

;I"• '11 
~,. . .. 

"' 
-

Test No. 
Date 
Vehicle 
Vehicle Weight 

3 

" II.I 
n 
rt 

+ 
0 

0 
.::-

VI 
(t 
n 

(W/Dummy and Instrumentation) 
Impact Velocity 
Impact Angle 
Dummy Restraint 

218 
11-12-69 

1968 Dodge 
4760 Lbs. 

59.2 mph 
8° (nose) 

Lap belt 

1~ 

I~ 
N 




