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ADIEM: Low-Cost Terminal for 
Concrete Barriers 

DON L. IVEY AND MARK A. MAREK 

Presented here are the results of a research and compliance testing 
program to develop a low-cost, high-performance terminal for 
portable concrete barriers (PCBs) and permanent concrete me
dian barriers (CMBs). The result is the Advanced Dynamic Im
pact Extension Module (ADIEM). The energy absorption ele
ments of this terminal are lightly reinforced, ultra-low-strength 
Perlite concrete modules. The redirection element of this terminal 
is a heavily reinforced conventional concrete variable height curb 
with automobile hub-height pipe rail. ADIEM meets the require
ments in NCHRP Report 230 at a cost of approximately $100/ft . 
This translates into a projected cost for a 60-mph class, 30-ft 
barrier of $3,000. This appears to represent a major cost reduction 
for high-performance PCB and CMB terminals. ADIEM is also 
expected to find wide application in protecting vehicle occupants 
from such other roadside obstacles as utility poles. 

In the field of roadside safety, transportation entities have al
ways been handicapped by severe limitations in the amount of 
public funds available for improvements. Although the public 
demand for mobility has always been strong, the demand for 
greater levels of safety has been both limited and sporadic. This 
is the underlying reason for normally severe funding limitations 
for roadside safety improvements. Because of these economic 
constraints , the achievement of cost-effectiveness has been and 
continues to be of critical importance. 

The ends of concrete median barriers (CMBs) and portable 
concrete barriers (PCBs) are a troublesome safety problem . 
Some solutions, such as the sloping concrete wedge, have been 
low cost, but effectiveness in reducing injuries is questionable. 
Sand-filled barrels and the steel barrel cushions are fairly low 
cost, but maintenance is difficult. Further, they require a wide 
median or roadside, which is often not available, especially 
in constrained construction areas, and they do not have side 
redirection characteristics. The excessive width of these two 
cushions greatly increases the target size of the protective 
device, resulting in more collisions than would result from a 
narrow cushion. Finally , there are narrow cushions for end 
treatments in narrow zones that perform well in collisions. 
These cushions, however, are costly. The motivator for this 
work is the fact that no low-cost, high-performance, easily 
maintained end treatments for CMBs and PCBs existed. The 
development and final performance verification of such a ter
minal are described here. Figure 1 and Table 1 show the final 
results of this development . 

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

CHRONOLOGICAL DEVELOPMENT 

The concept of using low-strength, lightweight concrete in the 
end treatment of PCBs and CMBs emerged in 1986. The 
Texas Transportation Institute (TTI), in an internal program 
in 1986, developed a design called Advanced Dynamic Impact 
Extension Module (ADIEM), a low-strength concrete ter
minal. In 1987, TTI staff approached engineers of the Texas 
State Department of Highways and Public Transportation 
(SDHPT) [now the Texas Department of Transportation 
(TxDOT)] with the ADIEM design and asked SDHPT to 
consider it for further development. Development under 
SDHPT sponsorship was carried out in three phases . 

In Phase 1, the original design was modified significantly 
to improve installation and maintenance characteristics . Ma
terial strength testing was conducted, and individual modules 
of reinforced Perlite were tested at low speed using a 5,000-
lb ram. From these tests a module was selected for vehicle 
crash testing. The complete ADIEM consists of a structural 
concrete carrier base and a number of low-strength concrete 
modules. The carrier base was tapered and attached to a 
conventional PCB by a standard lapped channel beam con
nection. Into the carrier base were keyed low-strength con
crete modules. Each module was 3 ft long, 2 ft tall , and 11.5 
in. wide. Each module weighed about 200 lb. At the com
pletion of Phase 1, SDHPT engineers decided that the po
tential of the prototype was such that full-scale crash testing 
was warranted. 

In Phase 2, five crash tests were conducted. These tests are 
summarized in Table 2 and are presented in detail in an in
terim report (1, Vol. 2). In this phase, results of the redirec-

FIGURE 1 ADIEM terminal for CMBs, PCBs, and toll-road 
collection zones. (First ADIEM installed by Ohio Turnpike 
Authority in Cleveland, December 19, 1991.) 



TABLE I Results of Development of PCC Terminal for CMBs and PCBs 

PROJECTED' COST 

INSTALLATION TIME 

EFFECTIVE DIMENSIONS 

AFTER A MAJOR COLLISION 

• Cost of replacement modules 

• Time to clear crushed modules 

• Time to install new modules 

NCHRP 230 COMPLIANCE 

$3000.00 

< 1 hour 

Length - 30 ft. 
Width - 2 ft. 

$1500.00 

< 20 min . 

< 20 min . 

Exceeds requirements of this guide 
by significant margins. (See Table 
3.) 

* Includes 50% profit for the manufacturer. This does not include a profit estimate for the 
contractor. 

TABLE 2 Summary of Developmental Crash Tests 

Test 
Test Type No. 

Developmental 
(4500 lb./43.1 mph 
head on) 

Compliance 2 
(1800 lb.115'' 
mid-side) 

Developmental 3 
(4500 lb ., 37.1 mph, 
head on) 

Developmental 4 
(1800 lb./58.4 mph, 
head on, 15 inches 
off center) 

Developmental 5 
(4500 lb., 57.6 mph, 
head on) 

NCHRP* 
230 No. Test Date 

NA 03/03/89 

44 03/03/89 

NA 05/25/89 

45 08/01/89 

41 09/28/89 

Results 

Poor 

Excellent 

Good 

Marginal 

Good 

Comments: 

Excessive deceleration, poor module failure pattern, 
vehicle ramped and rolled over. Redesign of modules 
was necessary. 

Passed 230-Vehicle was appropriately redirected. All 
aspects of 230 were met. Barrier performance was 
ideal. No maintenance would have been necessary. 
Barrier totally undamaged. 

Vehicle was smoothly decelerated. Deceleration rates 
were very low indicating module crushing strength 
was ideal. Vehicle damage was slight. All modules 
would need to be replaced. 

Did not pass 230. Deceleration rates were too high. 
Vehicle stability was good, but damage severe. Con
crete strength determined to be 60 % too high. Some 
failure in module reinforcement noted. Small change 
in module reinforcement was necessary. 

Passed 230. Deceleration rates excellent. All 
aspects of 230 were met. Vehicle damage reasonable. 
Some modules did not clear as preferred resulting in 
modest vehicle ramping at end of interaction with 
barrier and after speed had been reduced to below 
20 mph. Modest changes in module reinforcement 
should improve interaction. 
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tion test (NCHRP 230 No. 44-1,800 lb, 60 mph, and 15 
degrees) were excellent, whereas the results of head-on tests 
were not ideal. Overall, the results were encouraging, and 
the final compliance test phase was initiated. 

NCHRP Report 230 (2) presents crash tests appropriate for 
barrier end treatments (or barrier terminals) in high-speed 
areas. The three applicable tests are 41, 44, and 45 under 
"terminal" tests. Tests 42 and 43 are not needed because Tests 
44 and 45, in which a smaller automobile is used, are more 
critical in terms of vehicle stability and acceleration. Test 
40 is not needed since the ADIEM terminal joins a conven
tional PCB at the beginning of length of need . The 14 36- x 
1 Vs-in. steel dowels or 11/s-in. bolts that secure the ADIEM 
carrier beam to the ground, asphaltic concrete pavement, or 
portland cement concrete, along with the formidable struc
tural connection from ADIEM to a PCB, ensure that the 
impacted end of the PCB is laterally and longitudinally stable. 
Thus, conducting this test would simply be testing a well
secured PCB, which has been done many times. Note also 
the standard Texas connection of lapped channel sections had 
been tested previously and found to be one of the strongest 
structural connections. The test conducted in Phase 2 are 
described in detail in the final report (3). 

At the conclusion of Phase 2 it was determined that sig
nificant changes to improve performance should be made and 
that the final phase be initiated (Phase 3, NCHRP 230 com
pliance testing). 
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PHASE 3: REDESIGN AND FINAL COMPLIANCE 
TESTING 

A complete analysis of the tests performed in Phase 2 was 
performed. Changes were made to the carrier beam and to 
the modules on the basis of this analysis. Those changes are 
described in detail in the final report (3). 

The final three compliance tests are summarized in Table 
3 and by Figures 2-4. In addition, Test Dis shown to provide 
verification of improvement resulting from the modification 
of the side rail pipe taper. These tests are documented by test 
reports A, B , C, and D (Test 2 from development tests), 
which are in the appendix to the final report (3). 

These tests are described in the following paragraphs, 
and the single change that was required to achieve ideal per
formance and unqualified compliance with NCHRP 230 is 
discussed. 

Test A 

In Test A, a 1979 Lincoln Continental impacted the ADIEM 
terminal at 60.3 mph (97 .l km/hr). The vehicle weight was 
4,500 lb (2,041 kg). 

On impact, the modules began to crush at the design level 
of resistance. The vehicle remained extremely stable and level 

TABLE 3 Summary of Compliance Test Data and NCHRP Report 230 Requirements 

Test No. 
(Wt., Angle, Position, Speed) 

A 
(4500 lb./0°/head on, 60.3 mph) 

B 
(1800 lb./0°/15" offset, 58.6 mph) 

c 
(1800 lb.115°/Side, 58.8 mph) 

D 
(1800 lb./15°/Side, 61.2 mph) 

NCHRP* 
230 No. 

41 

45 

44 

44 

Change in 
Velocity 

(longitudinal/lateral) 

29.8 fps I NA 
(30)" 

37.4 fps I 8.9 fps 
(40)** 

11. 8 fps I -26.3 fps 
(30) 

16.6 fps I 24.7 fps 
(30) 

* Numbers in parentheses are NCHRP 230 Requirements C~ . Table 8). 

Acceleration 
(longitudinal/lateral) 

-6.3 g's I No Contact 
(15) 

-10.6 g's I -1.6 g's 
(15) 

-4 .9 g's I -7.3 g's 
(15) 

-1.8 g's I -5.0 g's 
(15) 

Remarks: 

Performance good. 

Performance good. 

Performance fair. Pitch larger than preferred. 
(Rail modification to correct problem verified 
by test D.) 

Test verifies performance of rail modification 

•• Concerning the use of 40 fps as the value of '1 V for comparison in the 1800 lb head-0n test (Test 42) it is noted that almost all terminal devices, certainly 
including the primary commercially supplied devices, do not conform to the 30 fps preferred value. Thus it has been the pragmatic approach to compare this small 
car test characteristic to the 40 fps limit. To do otheiwise would require increasing the length of most barrier terminals by at least 10 feet, a step that is not seen 
as practical or cost effective. It might also be noted that some widely used guardrail terminals do not even meet the 40 fps limit. 
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0.000 s 

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

0 .176 s 

9901E-l 
10/16/90 

Test Installation. Adiem Impact 
Attenuator 

Length of Installation .. 33.0 ft (IO.Im) 

Vehicle ......... 1979 Lincoln 
Vehicle Weight 

Test lnerita ...... 4,500 lb (2,041 kg) 
Vehicle Damage Classification 

TAD ........... 12FC3 
CDC. . . . . . . . . . . 12FCEN! 

FIGURE 2 Summary of results for Test 9901E-1. 

as it penetrated the modules. The vehicle penetrated 25.6 ft 
(7.8 m) into the terminal. 

The modules were all crushed to varying degrees. The car
rier beam was not damaged. Minimal amounts of debris and 
detached pieces of soft concrete remained around the instal
lation after the collision. The debris was confined to an area 
of about 10 ft on either side of the terminal extending a 
distance about 30 ft downstream from the beginning of the 
PCB. The carrier beam remained firmly attached to the ground 
and the PCB. 

The vehicle received minimal damage. Maximum perma
nent deformation was 10 in. (25.4 cm) at the center of the 
front end of the vehicle. In addition, the vehicle sustained 
damage to the bumper, grill, and radiator. No intrusion into 
the occupant compartment occurred. 

A summary of the test results and other information per
tinent to this test is presented in Figure 2, along with se
quential photographs of the collision. The maximum 0.050 
sec average acceleration imposed on the vehicle was - 7. 9 g 
in the longitudinal direction. Occupant impact velocity in 
the longitudinal direction was 29.8 fps (9.1 m/sec). The high
est 0.010 sec occupant ridedown acceleration was - 6.3 g 
(longitudinal). 

In summary, the terminal smoothly arrested the forward 
motion of the vehicle. The vehicle sustained minimal damage 
and did not present a significant hazard to other traffic. Oc
cupant impact velocities and ridedown accelerations were within 
the limits recommended in NCHRP Report 230 (i.e., 30 fps) 
(2). These test results meet the evaluation criteria recom
mended in NCHRP Report 230. 

0 .351 s 

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

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

Occupant Impact Ve 1 ocity 

0. 527 s 

60.3 mi/h (97.1 km/h) 
O deg - center 
Not Applicable 

-7 .9 g 
-0.8 g 

Longitudinal ..... . 29.8 ft/s '(9.1 m/s) 
Lateral . . . . . . . . No Contact 

Occupant Ridedown Accelerations 
Longitudinal. . . . . . -6.3 g 
Lateral . . . . . . . . N/A 

Test B 

95 

In Test B, a 1981 Honda Civic impacted the ADIEM terminal 
at 58.6 mph (94.3 km/hr). The vehicle weight was 1,800 lb 
(816 kg). 

On impact, the modules began to crush as designed. The 
vehicle remained stable and level as it penetrated the first 
module. As the vehicle penetrated the second module, it be
gan to yaw clockwise. The vehicle continued to yaw clockwise 
as module crush continued. The vehicle yawed to about 90 
degrees as loss of contact between the Honda and the crushed 
modules occurred. The vehicle penetrated 9.9 ft (3.0 m) into 
the terminal. 

All terminal modules were crushed to varying degrees. No 
damage occurred to the terminal carrier beam, the base struc
ture. Minimal amounts of debris and small pieces of soft con
crete were distributed around the installation. The modules 
yielded appropriately and the carrier beam remained firmly 
attached to the ground and the PCB. 

Maximum permanent deformation was 9 in. (22.9 cm) at 
the right front corner of the vehicle. In addition, the vehicle 
sustained damage to the bumper, grill, radiator, front fenders, 
and right front strut assembly. No intrusion into the occupant 
compartment occurred. 

The test results and other information pertinent to this test 
are summarized in Figure 3. The maximum 0.050 sec average 
acceleration experienced by the vehicle was - 11. 7 g in the 
longitudinal direction. Occupant impact velocity in the lon
gitudinal direction was 37.4 fps (11.4 m/sec). Although this 
is above the recommended level of 30 fps, it is generally 
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0.000 s 

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

0.126 s 

9901E-2 
01/29/91 

Test Installation . Adiem Impact 
Attenuator 

Length of Installation .• 33.0 ft (10.l m) 

Vehicle • . . .. ••• . 1981 Honda Civic 
Vehicle Weight 

Test Inerita •• .... 1,800 lb (816 kg) 
Vehicle Damage Classification 

TAD. . . . • . • . . . . 12FR4 
CDC .. ..••••••• 12FREN2 

FIGURE 3 Summary of results for Test 9901E-2. 

observed that few terminals do better than meet the 40 fps 
limit for small car head-on tests (2, Table 8). The highest 
0.010 sec occupant ridedown acceleration was -10.6 g 
(longitudinal). 

In summary, the terminal functioned precisely as designed . 
The vehicle sustained significant damage, but no intrusion 
into the occupant compartment occurred. Occupant impact 
velocities and ridedown accelerations were within the limits 
recommended in NCHRP Report 230. These test results meet 
the evaluation criteria recommended in the report. 

Test C 

In Test C, a 1985 Dodge Colt impacted the ADIEM terminal 
at 58.8 mph (94.6 km/hr) at an angle of 15 degrees. The vehicle 
weight was 1,800 lbs (816 kg). 

On impact, the vehicle began to redirect. As the vehicle 
redirected, the left wheels lost contact with the roadway. At 
approximately 0.140 sec, at a vehicle speed of 55.9 mph (89 .9 
km/hr), the rear of the vehicle came into contact with the 
terminal. The vehicle began to yaw counterclockwise and pitch 
as it became parallel to the terminal. The vehicle lost contact 
with the rail at approximately 0.245 sec, traveling 53.9 mph 
at an angle of 2.4 degrees. The brakes were applied as the 
vehicle exited the installation. The vehicle came to rest in a 
stable and upright condition 140 ft downstream from the point 
of impact. 

The soft concrete modules were scraped, but did not sustain 
any structural damage. The terminal carrier beam was not 
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0. 251 s 0.377 s 

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

58.6 mi/h (94.3 km/h) 

(Max. 0.050-sec Avg) 

O deg (15 in. right side offset 
Not Applicable 

Longitudinal. . . . . - 11.7 g 
Lateral . . . . . . . -3.1 g 

Occupant Impact Velocity 
Longitudinal ..... • 37 .4 ft/s (11.4 m/s) 
Lateral . . . . . . . • 8 . 9 ft/s (2 . 7 m/s) 

Occupant Ridedown Accelerations 
Longitudinal ...... -10 .6 g 
Lateral . . . . . . . . -1.6 g 

damaged. There was no debris or detached elements around 
the installation . The base structure remained firmly attached 
to the roadway and PCB . 

The vehicle received modest damage, primarily to the right 
front control arm assembly, and wheel. The subframe and 
floorpan were bent. No intrusion into the occupant com
partment occurred. 

The test results and other information pertinent to this test 
are summarized in Figure 4. The maximum 0.050 sec average 
acceleration experienced by the vehicle was - 5 .4 g in the 
longitudinal direction and 15.7 gin the lateral direction. Oc
cupant impact velocity in the longitudinal direction was 11.8 
fps (3.6 m/sec) and 26.3 fps (8.0 m/sec) in the lateral direction. 
The highest 0.010 sec occupant ridedown accelerations were 
-4.9 g (longitudinal) and 7.3 g (lateral). 

In summary, the terminal safely redirected the vehicle . Oc
cupant impact velocities and ridedown accelerations were within 
the limits recommended in NCHRP Report 230. These test 
results fundamentally meet the evaluation criteria recom
mended in NCHRP Report 230, but did not meet the expec
tations of the designers. More vehicle pitch than expected 
occurred. A careful examination of the terminal and the ve
hicle and comparison of this test to Test D yielded the reason. 

In Test D the 1,800-lb vehicle impacted a similar side rail 
on an earlier ADIEM terminal at a speed of 60 mph and an 
angle of 15 degrees. The result was an extremely smooth and 
safe redirection [3 , appendix (Test Report 9429G-2)] . A quick 
comparison of the acceleration traces in these two tests showed 
that the vehicle in Test D lost only 5 mph during the first 100 
msec, whereas the Test C vehicle lost about 12 mph. Clearly, 



Ivey and Marek 

0.000 s 

Test No. 
Date .. 

0. 074 s 

• 9901E-3 
• 02/08/91 

Test Installation . • Adiem Impact 
Attenuator 

Length of Installation . . 33.0 ft (IO.I m} 

Vehicle ........• 1985 Dodge Colt 
Vehicle Weight 

Test Inerita .. .. . . 1,800 lb (816 kg} 
Vehicle Damage Classification 

TAD . . . .... .• . . OIRFQ2 
CDC .. . . . .. .. . . OlRFEWI 

FIGURE 4 Summary of results for Test 9901E-3. 

there was much more retarding force in Test C on the front 
wheel than in Test D. Inspection of the right front wheel rim 
and the point on the ADIEM side rail where the major re
directive load was applied yielded the answer: in Test C , the 
wheel rim impacted on the 3-ft tapered part of the side rail. 
The way the taper was produced was by simply slicing away 
a portion of the pipe and replacing it with a flat plate. The 
pipe was then welded to the angle section with the flat part 
of the taper out, or facing the impacting wheel. At the bottom 
of the taper section, replacing the section of pipe with a flat 
plate results in an edge with a blunt radius of about 1/s in. 
facing down and another edge facing up. As the wheel rim 
applied force to the tapered section during initial impact, the 
lower edge of the taper cut into the rim on the trailing side 
of the rim . The rotation of the wheel and friction with the 
ground forced the wheel down about the pivot point at the 
place the side-rail edge cut into the rim. The result was that 
the tire was forced downward almost to the rim; the resulting 
vertical force translated into a friction (retarding) force on 
the right front tire that was at least ten times what could 
normally be produced by braking the tire on the same surface .. 
Thus , the right front was forced down by the edge, and a 
large force to the rear occurred at the tire-ground interface. 
The result was the unexpected pitch that occurred in Test C. 
The solution to this minor problem was obvious: in Test D, 
the wheel impacted a curved pipe surface, and an ideal re
direction occurred. Thus , the only necessary change in the 
design was to put the flat surface of the pipe taper flush with 
the carrier beam side and have the curved surface of the taper 
facing out to accommodate the impact of the wheel. With this 
small design modification, it is clear the ADIEM terminal will 

0.147 s 

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

(Max. 0.050-sec Avg} 
Longitudinal ....• 
Latera 1 . . . . . . . 

Occupant Impact Velocity 

0.221 s 

58.8 mi/h (94.6 km/h) 
I5.9 deg 
57.2 mi/h (92.1 km/h) 

-5.4 g 
15.7 g 

Longitudinal. . . . . . 11.8 ft/s (3.6 m/s) 
Lateral . . . .. ... -26.3 ft/s (8 .0 m/ s) 

Occupant Ridedown Accelerations 
Longitudinal. . . . . . -4.9 g 
Lateral . . . . . . . . -7 .3 g 
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perform well under all required tests in NCHRP Report 230 
(2) . In the more extensive TTl/TxDOT report (3), the ade
quacy of this design change is discussed in great detail. There 
is not a conceivable way in which changing the surface of the 
pipe taper can also affect the head-on tests. It is clear that 
ADIEM will gate if struck by a large car at a significant angle 
in the first one-third of the barrier. Gating, however, is a 
nonissue as long as the length of need is properly accom
modated. This simply requires that the length of need be set 
at the end of the PCB or CMB and not be accommodated by 
the full length of an ADIEM. 

FINAL DESIGN 

The final design functions well for vehicle speeds up to 60 
mph and for vehicle weights up to 4,500 lb. It is composed 
of a 30-ft carrier beam or base structure that accommodates 
10 Perlite concrete crushable modules. Details of this design 
are available on full size plan sheets%,%, and% (3). 

The carrier base of ADIEM is composed of standard Class 
A five sack concrete. Longitudinal reinforcement is predom
inantly No. 5 bars. Transverse reinforcement is all No. 4 bars. 

Ten modules are required for an installation. Details are 
shown in Figure 5. These modules are cast in three layers of 
varying strength , shown in Figure 6. The lowest 3 in . is Con
crete T , 120 psi compressive strength. The next 14 in . is Con
crete M, 40 psi compressive strength . The final top 7 in. is 
Concrete T, 120 psi compressive strength. The constituents 
of these three levels of Perlite concrete are shown in Figure 
6. Perlite is an expanded inert mineral soil filler normally used 
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for soil aeration. It weighs only about 7.5 lb/ft3 in bulk form , 
and single particles are not usually more than 'Is in. in di
ameter. When concrete is made of Perlite, white portland 
cement, water, and an air-entraining agent, it is extremely 
lightweight and has a white color. Wet unit weights are given 
between 25 and 40 lb/ft3 , but these unit weights decrease as 
the concrete hydrates and dries, approaching 80 percent of 
the wet unit weights. The average dry weight of the module 
concrete is only about 30 lb/ft3• A complete module after 
curing weighs about 190 lb and can be installed by two people 
(see Figure 7). 

Both the strength and durability of the Perlite crushable 
modules are of great importance. If the strength levels are 
not controlled during the precasting phase within reasonable 
boundaries, the resisting forces during collisions, and thus 
accelerations on impacting vehicles, could vary significantly 
from those observed in the compliance testing. Unit weight 
of wet Perlite is one indicator of final strength, but water/ 
cement ratio and Perlite aggregate content are also important. 
The need for control of the strength level of the module is 
important and must be verified by postcuring testing, not 
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simply implied by wet concrete batch characteristics. A pene
trometer, developed for this test program, is an appropriate 
way to determine strength after curing. These levels are from 
30 to 60 psi for the low-strength concrete and 100 to 150 psi 
for the higher-strength concrete. During the 3 years of de
velopment and construction, it was found these ranges were 
both appropriate from a performance standpoint and prac
tically achievable in the batching process. These observations 
can be made at any time after 21 days of curing. The average 
of six penetrometer tests should be compared with these lim
its. Note that if the penetrometer is placed directly over an 
element of wire reinforcement, the reading will be invalid. It 
will also be arbitrarily high. With a little practice, the indi
vidual conducting the penetrometer test can tell immediately 
if a wire element interferes with a reading. The difference is 
normally great. 

The batching procedure and quality control necessary to 
achieve reasonable control of this ultra-lightweight Perlite 
concrete could be the subject of an entire TRB publication. 
For this reason, the writers recommend against fabrication of 
the soft modules by other than experienced precasters and 
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FIGURE 5 Final design of crushable module. 
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Cement 

Water 

Perllte 

Air Agent 

Unit Weight 

CompreHlve 
Strength 

7" 

14" 

. .. Concrete T 

Uc• 120 psi 

Concrete M 

O"c•40 psi 

Concrete T 

. : : 
u 0•120 psi · :. 

ELEVATION SINGLE MODULE 

Concrete T Concrete M 

340 lbs. 180 lbs. 

425 lbs. 350 lbs. 

205 lbs . 225 lbs. 

1000 cc 1300 cc 

36 lbs.ltt.3 28 lbs.lft.3 

120 psi 40 psi 

Note: Reinforcement is 
not shown. 

Note: These batch designs are applicable for the brand of Perlite used in this program. Trial batch designs 
to verify appropriate strength will be necessary when other brands are used and possibly when the 
Perlite provided by a particular supplier varies from shipment to shipment. Unit weight is a good early 
warning of product variability. 

FIGURE 6 Final concrete placement recommended for modules. 
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only then when subject to the counsel of the developers. TTI 
expects to exercise effective control over all manufacturers to 
ensure appropriate quality control. 

FIGURE 7 Installation of ADIEM terminal modules. 

Durability of a low-strength concrete, especially the 40 psi 
portion of the modules, is required. The problem is obvious. 
The uncoated concrete will absorb water. It is highly porous. 
If that water freezes, the 40 psi material will gradually de
teriorate. The solution is to coat the modules to keep their 
surfaces impermeable. Two products have been found to per
form well in the laboratory. They are two coats of Alkyd 
Traffic Marking Paint (in white or yellow) and Plasti-Dip 
#11602 (PDI, Inc.), which is an elastomeric rubber. Freeze
thaw testing of these coatings on samples of low-strength Per
lite showed this approach to be effective. During the manu
facturing process the coating should be applied only after the 
individual modules have passed the penetrometer test. The 
coatings should also be applied so that the surface is fully 
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TABLE 4 Cost Estimates 

(Based on invoice costs of small quantities during construction of one barrier.) 

BASE (I) (Carrier beam for modules and redirection rails.) 

Re-Bar 

Concrete 

3" S Beams 

3" Pipe 

114 & 115 

2.5 yds. @ $46.00 

(70' @ $1.65/ft.) 

(30' @ $1.80/ft.) 

Sub-total 

MODULES (10) 

2" x 4" welded wire (60' @ $0.30/ft.) 

Poultry Wire (44' @ $0.40/ft.) 

Re-Bar, No. 2 250 ft. 

Perlite (25 bags @ $9 .50/bag) 

White Cement (10 bags@ $10.40/bag) 

\'4" Wire Rope and cable clamps 

BASE (I) 

Sub-total 

Total of Materials 

(Does not include cost of form .) 

Assembly of forms 
5 man-hours 

Placing and tying reinforcement 
14 man-hours 

Placing Concrete (Redi-Mix Truck) 
l man-hour 

Breaking out base 
2 man-hours 

Sub-total 22 man-hours@ $15 .00/hr. = 

MODULES (10) (Does not include wst uf furms.) 

Assembly of forms 
8 man-hours 

Fabrication of reinforcement 
36 man-hours 

Placing concrete 
12 man-hours 

Breaking out modules 
5 man-hours 

$800.00 

115.00 

115.00 

54.00 

$1084.00 

$ 18 .00 

18 .00 

25 .00 

238.00 

104.00 

80.00 

$ 483.00 

Sub-total 61 man-hours@ $15 .00/hr. = ULLl!Q 

Total Labor ~ 

Grand Total' Labor and Material 

• In a research oriented non-production environment. 
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covered, leaving no avenue for water intrusion. If unprotected 
Perlite concrete is allowed to absorb water and a hard freeze 
then occurs, the concrete will become unstable and com
pressive strength will be rapidly compromised. It is the view 
of the researchers that these modules will remain effective 
under all weather conditions indefinitely as long as the coating 
is effective in preventing water intrusion. Side angle hits may 
or may not require module replacement. If the modules are 
structurally intact with no significant fractures from a visual 
inspection, the module can be reused . Otherwise, the module 
should be replaced. When partial impacts or scuffing occurs 
and damages the coating, the affected areas should be re
coated to avoid long-term deterioration. The modules can be 
damaged during handling, but the potential for cosmetic dam
age affecting performance is not significant. The protective 
coatings will mask cosmetic damage to some extent, but will 
not mask significant structural damage. 

The cost of an ADIEM terminal is presented in Table 4. 
These costs were based on construction of three carrier bases 
and some 70 modules in a prototype development environ
ment. Table 4 shows material costs of $1,567, labor costs of 
$1,245.00, and a total cost of $2,812.00. It is likely that com
plete cushions could be fabricated in a production environ
ment for two-thirds of this cost. This would yield a production 
cost per barrier of $2,000. Allowing SO percent for profit 
margins, it is estimated that this cushion could be placed in 
the field for $3,000, plus a reasonable cost of installation. All 
significantly damaged modules should be replaced in a rea
sonable time following a collision . Low-speed head-on colli
sions will probably require the replacement of only a few 
modules. Speeds up to 45 and higher will probably require 
all new modules. Many side angle hits may require no module 
replacement. In construction zones, due to the completely 
precast portable construction, it is estimated the complete end 
treatment can be installed in less than 1 hr. A two-person 
crew was timed to determine the time necessary to clear a 
terminal that had been completely crushed . The time was 17 
min. Extraordinary efforts to do the job quickly were not 
made. The same crew then retrieved 10 modules from a truck 
bed and replaced those in the carrier beam in 15 min. In most 
cases it is estimated that a collision site could be restored in 
about 30 min by a two-person crew with the use of a straight 
or dump truck. It is also advisable to sweep the site because 
small elements of debris will be distributed about the collapsed 
modules. 

CONCLUSION 

ADIEM, the low-cost end treatment for PCBs and CMBs, 
has been subjected to eight full-scale crash tests. Four of these 
tests were developmental; four were the compliance tests sug
gested in NCHRP Report 230 (2). The results of the four 
compliance tests are presented in Table 5. These results show 
that the final terminal design clearly meets the requirements 
of NCHRP Report 230 (2). The design has been approved by 
FHWA for terminal applications. This terminal is by far the 
most economical of the terminals now in use that have NCHRP 
Report 230 performance characteristics. It is believed that the 
cost-effectiveness of this design will be demonstrated as field 
experience is gained. ADIEM is now ready for field appli-
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TABLE 5 Results of Compliance Crash Tests 

Test Type 

Compliance 

Compliance 

Compliance 

Compliance 

Test 
No. 

A 

B 

c 

D 

NCHRP* 
230 No. 

41 

45 

44 

44 

Results 

Excellent 

Excellent 

Fair* 

Excellent 
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Comments: 

Met all requirements of NCHRP 230. Barrier per
formance ideal. 

Met all requirements of NCHRP 230. Barrier per
formance ideal. 

Met all requirements of NCHRP 230 except that 
vehicle pitch was more than would be preferred. 
(See footnote *.) 

Met all requirements of NCHRP 230. Barrier per
formance ideal. 

* Simple rail modification required to produce excellent performance verified by test D. 

cation as a portable terminal for construction zones and as a 
permanent terminal for concrete barriers. 
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