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4 16, aBsTRACT

This report describes three investigations of materials and components
used or Intended for use in highway energy absorbing barriers.

PART I: Preliminary Development of a Vermlcullte Concrete Crash Cushion
The primary obJectlve to develop a cecrash cushion using vermiculite
concrete In bulk form was not accomplished due mainly to difficulties

in attaining a reliable mix design with a consistent compressive strength
range. Vermiculite concrete compressive strengths were sensitive to
aggregate gradation, moisture content, mixing procedures, sampling
techniques, and testing procedures. Attempts to develop a vermiculite
concrete mix design that could be steam cured were also unsuccessful.

A safety-shaped block of low strength 1lghtly reinforced vermiculite
concrete, however, supported the mass of a 4900 1b. (2222 kg) passenger
car driven onto the sloping face at speeds of about 5 mph (2.2 m/s).
Discussion of a barrier concept employing precast modular units and

the designs of two full size barrier modules absorbing about 42 and 32

foot-kips (56.9 and 43.4 kJ) of energy during static compression tests
are also reported.

PART IT: Evaluation of Vermicullte Concrete Helilcells

Vermlcullite concrete cells used as the energy absorbing elements of crash

cushlons were exposed to various temperature and humldity conditions,
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16, ABSTRACT (con't.)

and then were subjJected to static and drop welght compressive
strength tests. It was concluded the cells had effective moisture
proof coverings. Temperatures varying from 0° to 150°F (255 to
339K) did not affect the Strength of the cells. Curves of de-
flection vs energy consumed were similar for both static and drop
welght compression tests. There was a wide range in weights of
individual cells.

PART TIT: Strength Investigations of Sand~-Filled Plastic Crash

Cushion Barrels i
Fallures in the field prompted the study of the frangible polyethylene
material used in sand filled barrel type crash cushions. Test speci~
mens were exposed to weathering, accelerated ultraviolet light con-
ditions, and temperatures of 30° to 120°F (272 to 322K), and then
subjected to tensile strength tests. Only high temperatures signi-
Ticantly lowered the strength. Despite several later improvements

in the barrel design, a small number of failures have occurred in

the field. The reasons for these failures are unclear.
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PART ONE: PRELIMINARY DEVELOPMENT OF A VERMICULITE CONCRETE
CRASH CUSHION

I. INTRODUCTION -

This project was inltiated in 1971 after successful crash tests.
conducted by the Texas Transportation Institute (1) on vermicu-
lite concrete crash cushions Indicated that vermiculite concrete
was an effective energy absorbing material. The concept of a
crash cushlion made with a lightwelght, low-strength concrete
seemed promising because of its predilcted low first cost and
‘the aesthetic flexibility of a materlal that could be formed.

The vermiculite concrete used in this study was composed of
portland cement, water, an air-entraining agent and vermiculite
aggregate. Vermiculite aggregate 1s formed from mica by a thermal
expansion process,

Investigations were begun to determine the feasibility of using
the "New Jersey" safety shape contour for the sides of a vermicu-
1ite ecrash cushion. The side panel system used on the crash
cushions at TTI (1) could then be eliminated. It was anticipated
that the contoured sides would improve the appearance of the
crash cushion and provide a better redirective capability.

At first, thls project concentrated on developing a vermlculite
concrete crash cushlon for use in gore areas on elevated bridge
structures to replace hazardous concrete wedge shaped blocks
which served as terminals at the intersection of converging
bridge rails. But a greater need for a vermiculite crash cushion
evolved when California began using the Concrete Barrier Type 25.
This barrier is a 32 inch (813 mm) high concrete parapet incor-
porating the "New Jersey" safety shape traffilc face contour and
1s the current standard bridge barrier raill. This type of
barrier ralling was to be used on all projects not requiring a
pedestrian walkway on the bridge deck. The approach barrier

1



was originally intended to have the Type 25 shape also, and be
flared back away from the traveled way. However, it was soon
recognized that this approach barrier was a very rigid obstacle,
particularly if impacted headon at the upstream end.

A terminal section that could be cast from vermiculite concrete
and contoured to blend with the Type 25 approach barrier was
proposed. It was hoped that this would be an economical solu-—
tion which would provide optimum safety and aesthetics at the
end of the approach barrier.

The developmental phases of the project were to include the
following:

o Low speed vehlcle load tests of the traffic face of a
contoured block of vermiculilte concrete,

e Design of a reliable vermiculite concrete mix,

e Fabrication and static compression testing of quarter
scale and full size precast barrier modules,

e Construction of a full secale vermiculite crash cushion,
and

¢ A series of headon and side angle vehicle impact tests
into a full scale crash cushilon.

The crash cushion was to be assembled from a series of two or
three types of modules with dlfferent stiffnesses that could be
used in tandem to form a barrier with a graduated stiffness.
Standard size precast barrier modules would be used to facilitate
on-site restoration of the crash cushion after a QOllisions



Midway through the project, work was discontinued. This was

due mainly to difficulties in developlng a reliable vermiculite
concrete mix desipgn with a consistent compressive strength range.
It was also realized that the problems of durability and weather-
ability had not been solved yet for this type of concrete. These

problems of attaining a reliable mix design are discussed in
the report. '

Also described are the results of the following work:

e [ow speed vehicle load tests,

- & Experience with steam curing vermiculite concrete,

e Discussion of a vermiculite crash cushion concept,

e Fabrication and static compression testing of two
full-slze precast barrier modules.



II. CONCLUSIONS, RECOMMENDATIONS AND IMPLEMENTATION

Conclusions

A vermiculite concrete mix design with a reliable compressive
strength between 40 and 60 psi (276 and 414 kPa) cecould not be
attained. This narrow strength range was needed to develop a
crash cushion dependent on a material with a predictable low
crushing strength. Compression tést results from many samples
were mostly erratic and inconsistent even though samples were
batched using the same procedures and cured at T70°F (294 K) or
in a fog room environment. Attempts to develop a reliable mix

that could be steam cured and oven dried were also unsuccessful.

Aggregate segregation in the concrete mixer was not a problem
when a stabilized vermiculite aggregate containing an air-
entrainment additive was used. Aggregate segregation occurred
only when a liguid air~entraining agent was added to the mix.

A timed mixing sequence was needed to optimize the air-entrain-
ment, in order to lower the concrete strength (using stabilized
aggregate). This also increased the workability of the mix.

Vermiculite concrete compressive strengths were sensitive to
aggregate gradation, moisture content of the samples, and the
amount of damage to samples that cccurred during stripping and
test preparation operations.

Two full size steam cured precast barrier modules absorbed 42.2

and 32.1 foot-kips (56.9 and 43.4 kJ) or energy when crushed
statically.

A safety—shapeé block of lightly reinforced, low strength vermicu-
lite concrete supported the mass of a 4900 1b (2222 xg) passenger
car driven onto the sloping face at speeds of approximately 5 mph
(2.2 m/s).



Recommendations

Vermiculite concrete in bulk form is not recommended for use

as a material for crash cushions due to its sensitive strength
and mixing properties. However, the concept of a crash cushion
composed of crushable precast modular units need not be dis~
carded. Perhaps the strength characteristics of portland cement
concrete using other forms of lightwelight aggregate could be
controlled more easily. A considerable developmental effort
would be required, however, to test alternate low strength
materials in bulk form for crash cushions.

Implementation

There are no results from this investigation that can be
implemented.



III. TECHNICAL DISCUSSION

A, Preliminary Vehicle Tests of a Vermiculite Concrete Block

Cast With a New Jersey Safety Shape Contour

L. ObjJective

The bbjective.of this phase was to conduct a series of low speed
vehicular impacts to evaluate the strength of a block of vermiculite
concrete formed with a safety-shape "New Jersey" profile. If

the blocks were sufficiently strong, this same profile could
possibly be used on the sides of a vermiculite concrete crash
cushion in place of a fender panel system to provide a redirective
capability.

2. Test Bloeck Design and Construction

The vermiculite concrete block, Figure 1, was 1.67 £t (509 mm)
high, 1 ft (305 mm) thick and 8 ft (2.4 m) long. It was cast
with a safety shape profile against an existing_concrete bridge
barrier parapet at the test site.




A layer of 2x2-14x1Y4 (51x51 mm~2x2 mm) welded wire fabric was
placed with a 1 inch (25 mm) cover next to the front face of
the test block.

The mix design used for the test block was similar to that used
by Texas Transportation Institute (TTI) for test barrier 505V-C
(1). TTI used a special fast setting portland cement, which
permitted form removal in two hours, instead of Type III portland
cement. Vermiculite concrete batches of 6, 6, and 4 cublc feet
(0.17, 0.17, and 0.1l cubic metre) were proportioned from the
following masses for a 1 cubie yard (0}76 cubic metre) batch:

150 1lbs (68 kg) vermiculite aggregate, 305 lbs (138 kg) of

Type III portland cement, 645 1lbs (293 kg) of water, ahd 6 pints
(2.84 1) of 1liquid Vinsol Resin air-entraining agent.

Water and the liquid air-entraining agent were placed into a
Q—cubiec foot (0.25 cubic metre) plaster mixer with rubber coated
rotating paddles and mixed at about 36 revolutions per minute

(rpm) for one minute. Then the Type III cement and the vermiculite
aggregate were added and mixed at the same speed for two minutes.

Before the concrete was placed, epoxy was applied to the face
of the concrete bridge parapet to bond 1t to the vermiculite
concrete block, The forms were tapped lightly with a hammer
to consolldate the vermiculite concrete during the placing
operation. Samples taken during the pour were also tapped
lightly, but were not rodded. After the test block was poured
excess water began seeping out the bottom of the forms.



3. Static Compression Test Results

The following table presents the compressive strength results
of cylinder samples and cores for the vermiculite concrete test
block:

TABLE 1¥¥#%

#

No., of Sample Average

Samples Size, In. Age, Days Compressive Strength, psi
1% 6 x 12 7 10
1¥% 6 x 12 18 35
1%% 6 x 12 21 35
2%% 6 x 12 25 38
2% 6 x 12 28 26
2% 6 x 12 28 40

2 cores 2 x 4 21 60

2 cores 2 x4 25 78

7 cores 2 x 4 28 55

*Samples taken from Y4 cubic ft. (0.11 cubic metre) batches
¥*¥Samples taken from 6 cubic ft. (0.17 cubic metre) batches
¥%¥%¥] in. = 25.4 mm
6.89 kPa

1 psi




outside near the test block installation in metal containers

for four days, then Stored at room temperature, about 70°F (294 x),
After 18 days, the 6 x 12 inch (153 x 305 mm) samples that had

not been testegd were stripped and blaced outside to simulate g
field cure. The cores were taken the day before they were

tested., 411 2 x 4 ineh (51 x 102 mm) cores were drilled ffom

The top of the vermliculite toncrete test block. Water was used
during the coring Ooperation.

batech slize, sample size, curing methods, damage to Samples
sustained during Stripping operation (vermiculite concrete
stuck to the sides of many of the sample contalners), uneven
bearing surfaces for compressive tests, use of low load range
on laboratory testing machines, wet Samples, etc, The interior

4, Vehicular Impact Tests

a. Test 1: 4900 1b./5 mph/6.5° (2222 kg/2.2 m/s/0.11 rad).
The test vehlcle, a 1969 Dodge Polara Sedan, was placed about one
car length back from the bloek, The driver approached the test

when it dropped off the end of the block,

depth of about 1/16 inch (2 mm), and 2 fine layer of powder was
left on the surface, Figure 2.



Figure 2 - Damage to Vermiculite Concrete
Block From 6.5° (0.1l rad) Impact.

b. Test 2: 4900 1b./5 mph/12° (2222 kg/2.2 m/s/0.21 rad) .
_ The test vehicle approached the block in the same manner as in

the first test except the approach angle was inecreased to about
12°¢ (0.21 rad). The vehicle rode about 10 inches (254 mm) up onto
the sloping face and dropped off the end of the block. The

front quarter panel of the vehicle sustained some additional

1light scuffing damage. The vermiculite concrete test block

was abraded to a depth of about 1/8 inch (3 mm) from tire

secuffing and its downstream top edge was damaged as the test
‘vehicle rode off the end; Figure 3.
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Figure 3 - Damage to Vermiculite Concrete
Block From 12° (0.21 rad) Impact.

G Test 3: 4900 1b./5 mph/25° (2222 kg/2.2 m/s/0.84 rad),

The test vehicle approached the block as before at an angle of

about 25° (0.44 rad). The left front wheel was forced to the

left and rode up to the top of the block. There was no damage

to the vehicle, The sloping face of the block was slightly

abraded. The full length of the top front edge of the vermicu-

lite block was damaged to a depth of about 1.5 inches (38 mm),

Figure 4. The exposed vermiculite concrete was still damp,

while the outside surface appeared dry.

11



Figure 4'—'Damage to Vermiculite Concrete Block
From 25° (0.44 rad) Impact.

5. Discussidn of Results

j'RéSulﬁé of the preliminary low speed impact tests indicated
that 1ight1ylréinforced low strength vermiculite concrete cast

"with a New Jersey safety shape could withstand the weight of a
full size éutomobile. These tests Jjustified the potential use
of a New Jersey contour for.the sides of a vermiculite concrete
‘crash cushion. It was realized, however, that vermiculite
concrete might behave somewhat differently when impacted at
higher speeds with the less rigid backling of a crash cushion.

i:Fabrication of the vermiculite concrete block also provided
experience with the mixing, placing, sampling and curing
peculiarities of this type of concrete. Due to the inconsistent
compressive strength results, additional wofk was begun to refine
the mix design before continuing with the development of a crash
cushion.

12



B, Vermiculite Concrete Mix Design Experience

1. ObJjectives

The second phase of the project was divided into two parts.

The first part dealt with developing a more refined vermiculite
concrete mix design with a more reliable ultimate strength
between 40 and 60 psi (276 and 414 kPa). 1In part two the mix
design experience from part one was used to determine the
feasibility of steam curing vermiculite concrete so that
standard size precast barrier modules could be quickly and
easily buillt and stockpiled,.

2. Trial Mix Designs

During the project five serles of trial mix designs were tested.
Variations investigated in Series I included changing from Type
IT modified to Type IIT portland cement, using a stabilized
vermiculite aggregate which contained an alr-entraining additive
versus adding a liquid air-entraining agent to the mix, changing
the quantity of cement per batch, and using a different mixer.
The liquid air—entraining agent used in the stabilizeg aggregate
was a Vinsol resin type conforming to ASTM Designation: C260.
The stabilized vermiculite aggregate contained the equivalent

of about 6 pints (2.84 1) of alr-entraining agent per cubiec yard,
The vermiculite aggregate had a dry density between 5 and 9 1bs.
per cubic foot (80 and 144 kg per cubic metre) with a particle
size of about 1/8 inch (3 mm).

The following batch weights for the Series I mix designs are for
2 cubic foot (0.06 cubie metre) batches except Fl-1.5 and Al-1.5
which were 1.5 cubic foot (0.04 cubie metre) batches. The
reference mix is the same design used for the vermiculite con-
crete test block except that Type II modified portland cement
was used instead of Type IIT portland cement in all but one
batch. ‘

13



Series T Trial Mix Designs *

Change or % _ Added Air-

Change from Entraining Type II Vermiculite Wet Unit
Mix Reference Water Agent Cement Aggregate Weight
Design Batch (1bs) (o0z.) (1bs) (1bs) (pef)
Refer. No change 47.8 7.1 22.6 11.1 38.5

Type III
A2=2 Cement 47.8 7.1 22.6#% 11.1 41.0
\ Stabilized
Al=2 Aggregate 47.8 0 22.6 11.1 35.5
Cl-2 -7% cement 7.8 7.1 21,1 11.1 ho.2
D1-2 -13% cement 47.8 7.1 19.6 11.1 39.0
El-2 +13% cement 7.8 7.1 25.5 11.1 - 40.6

: Stabilized
Different

¥1 1b = 0.454 kg3 1 oz. = 0.028 kg; 1 pef = 16.0 kg/m3.
#*#Type ILI portland cement.

The second series of trial mix deslgns measured the effects of
varying the water cement ratio. Type III high-early-strength
cement and stabilized vermlculite aggregate were used for all
batches, based on the experience in the first series of mix
designs. The mlx designs and wet unit weights were as follows
for two cubic foot (0.06 cubic metre) batches: - (The decreases
in the amounts of water and cement were based on the reference
mix used for the vermiculite concrete test block.)
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Series IT Trial Mix Designs#

% Change Stabilized Wet
From Type III Vermiculite Unit
Mix Reference Water Cement Aggregate Weight
Design Batch (1bs) (1bs) {(1bs) (pef)
Reference Design 0% H,0 47,8 22.6 11.1 -
(not milxed) 0% Cement
Z-I-1 -10% H,0 43.0 22.6 11.1 34.3
0% Cement
Z=1I-1 -20% H20 38.2 22.6 11.1 33.3
0% Cement

-10% Cement

2=-IV=1 -10% H20 43.0 18.1 il.1 ‘ 30.0
' -20% Cement

#¥1 1b = 0.454 kg; 1 pef = 16.0 kg/m3.

The number following the Roman numerals I, II, III, etec., of the
mix designs represents the batch number.

The third series of mix designs was planned to investigate a

fast setting calcium aluminate cement that was supposed to set
initially in one hour and gain full strength in .24 hours. Also,
a more complete set of test samples was gdesired for the Z=T
design used in the second sefies, as well as a mix with the

Type III cement content increased above that in the Z-I design.
All the followlng batches were two cubic feet (0.06 cubic metre),

15



Series III Trial Mix Designs¥

% Change Caleium Stabilized  Wet
From Aluminate Vermiculite Unit
Mix Reference Water Cement Aggregate Weight
Design __ Batch (1bs) (1lbs) {1bs) (pcf)
Reference Design 0% Ho0 b7.8 22.6 11.1 -
(not mixed) 0% Cement
+10% Cement
FeIIw1 -10% Hp0 43.0 20.3 1l.1 36.9
' -10% Cement
P=I11~-1 0% HpO 47.8 22.6 11.1 37.6
0% Cement
F-IV-1, -10% Hs0 43.0  24,9%% 11.1 38.5
+10% Cement
2-1-2 -10% HoO 43.0 22.6%% 11.1 35.1
0% Cement

%1 1b = 0.454 kg; 1 pef = 16.0 kg/mo.
#%Type III pertland cement.

Vermiculite cénbreteréﬁbies were steam cured during the fourth
series of triai'mik'dééigns. Also, two full size precast barrier
modules were fabricated gﬁd'steam cured during this period.
Further explanation.gf the deslign, construction, and steam curing
procedures of thésé modules appears ln subsequent sections of
this reéport. Mix designs Z-I-3 and Z-I-4 were two cubic foot
batches (0.06 cubic metre); the remaining batches were each five
cubic feet (0.14 cubic metre).
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Series II Trial Mix Designs*l'

% Change Stapilized Wet
From Type IIL Vermiculite Unit
Mix Reference Water Cement Aggregate Welight
Design Batch (1bs) (1ibs) (1bs) (pef)
Reference Deslgn 0% H,0 - h7.8 22.6 11.1 -
(not mixed) 0% Cement
Z—I_l —10% H2O 4300 22.6 llol 3”.3
0% Cement
ZeIIm] -20% HoO 38.2 22.6 11.1 33.3
0% Cement
7-I1II-1 -10% HoO 3.0 20.3 11.1 32.0

-10% Cement

Z—-IV-1 -10% H20 §3.0 18.1 11.1 , 30.0
-20% Cement

%7 1b = 0.458 kg; 1 pef = 16.0 kg/mB.

The number following the Roman qumerals I, IT, IIL, ete., of the

mix designs represents the batech number.

The third series of mix designs was planned to investigate a

fast setting calcium aluminate cement that was supposed to seb
initially in one hour and gain full strength in 24 hours. AlsO,
a more complete set of test samples was desired for the Z-I
design used in the second series, as well as a mix with the

Type III cement content increased above that in the Z-I design.
All the following batches were two cublc feet (0.06 cubic metre).
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T'Series III Trial mix Designs#

% Change Calecium Stabiligeq Wet
: . From Aluminate Vermiculite Unit
Mix Reference Water Cement Aggregate Weight
Designﬁ_ ___ Batch _ (1bs) (1bs) (1lbs) (pef)
Reference Design 0% Hy0 47,8 22.6 11.1 -
(not mizxed) 0% Cement
P-I~1 ‘ —lO%’HgO 43,0 24,9 11.1 39.6
+10% Cement
F-II-1 ~ =10% Hy0 . 43,0 - 20.3 11.1 36.9
-10% Cement
F-IIT-] -~ 'O%“HQO . 7.8 22.6 11.1 37.6
0% Cement
F-IV-1 - -10% ‘Hp0 43.0  24,9%= 11.1 38.5
+10% Cement
4-I-2 —lO%:HQO 43,0 22.6%% 11.1 35.1
C 0% Cement

1 1b = 0.454 kg; 1 pef = 16.0 kg/m3,
**Type ‘IIT portland: cement.

‘thls report, Mix designs Z-I-3 and Z-I-4 were two cubic foot
batches (0;06-cubic-metre); the remaining batches were each five
cubic feet (0.14 cubic metre)., °
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Series IV Trial Mix Designs#

Stabillized Wet

Type III Vermiculite Unit
Mix Water Cement Aggregate Welight
Design (1bs) (1bs) (1bs) {pef)
Z~1-3 43,0 22.6 11.1 40.3
Z=I-4 43.0 22.6 11.1 37.9
Z-1-5 107.5 56.5 27.8 40.6
Z-1-6 107.5 56.5 27.8 39.7
Z=1=7 107.5 56.5 27.8 ha.7
z~I-8 107.5 56.5 27.8 4i.7

*1 1b = 0.454 kg; 1 pef = 16. kg/mS.

Static compression test results for the Series IV steam cured
test cylinders were twice as strong as anticipated. The fifth
series of mix designs was initiated to decrease the strength of
the origlnal mix to accommodate steam curing, 1if possible; A1l
of the following 0.4 cubic foot (0.0l cubic metre) batehes were
mixed under laboratory conditions:
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© gérfes V 'Trial Mix Designs#

% Changé " Stabilized Water
From - Type III Vermiculite Cement
Mix ‘Réference Water Cement Agpregate Ratio
Design Batch {(1bs) (1lbs) (1bs) (1bs/1b)
Z-1-9 Referehcé 8.6 - “-435 2.2 1.91
Z=IV-2 —50% Cement 8.6 326 ' 2.2 2.39
1-F-2 - -53% Cement 8.6 2.1 2.2 4,10
i +26% H20
2-Control + 4% Cement 10.8 h,7 2.8 2.30
+27% Agg.
' : +26% Ho0
2-Z-4 +27% Agg. 10.8 4.5 2.8 2,40
- +26% HEO.
2~F-1 +13% Cement 10.8 5.1 2.8 2.12
+27% Agg.
. +26% HoO
3-W-1 - 9% Cement 10.8 h,1 2.8 2.63
+27% Agg.
: " +36% H20
3=-W=-2 -16% Cement 10.8 3.8 2.8 2.84
+27% Agg.
+26% Hp0
3-W-3 -22% Cement 10.8 3.5 2.8 3.09
+27% Agg.
+26% Ho0
3-W-=U4 - 7% Cement 10.8 4,2 2.8 2.57
+27% Agg.
+26% HoO
3-W-5 - 2% Cement 10.8 4.4 2.8 2.45
+27% Agg.
: +26% Ho0
3-W~6 + 2% Cement 10.8 h.6 2.8 2.35
+27% Agg.

¥1 1b = 0.454 kg

Agg. = aggregate

18



3. Mixing and Sampling Procedures

A1l trial mix design batches for Series I through IV except for
mix Al-l.5 of Series I were mixed with g 9 cubic foot (0.25 cubic
metre) plaster mixer with rubber edged blades that thoroughly
scraped the bottom and ends of the eylindrical drum mixer., A 2
cubic foot (0.06 cubic metre) Lancaster Countercurrent pan mixer
Type SKG, Model 294 was used for mix Al-1.5. A1l Series V .
batches were mixed with a 0.4 cubic foot (0.01 cubic metre)
Hobart Mizxer aﬁ speeds between 100 and 200 rpm. Use of the
plaster mixer was recommended by vermiculite industry representa-
tives, as were some of the other techniques.

Materials were added in a predetermined order and mixed for a
specified time. 1In Series I the water and the liquid air-~
entraining agent (Vinsol resin type) were mixed for one minute,
the cement added and mixed for one minute, and finally the
vermiculite aggregate was added and mixed for four minutes.
Mixing speed was 36 rpm.

Immediately after mixing, the cement and water paste separated
from the vermiculite aggregate used with the 1iquid air- '
entraining agent and sank to the bottom of the mixer. Separa-
tion did not occur when a smaller sized stabilized vermiculite
aggregate was used which contained an alr-entraining additive.
Stabilized aggregate was used for all mix designs after Series I.

Samples were taken Immediately after the vermiculite concrete

was mixed. Two types of sample contalners were used. One was

& 3 x 6 inch (76 x 152 mm) eylindrical waxed fiberboard can

Wwith a metal bottom (normalily used for mortar samples). It was
sealed with a piece of clear plastic and a rubber band. The
‘other container was a polystyrene box with four 3 x 6 inch

(76 x 152 mm) eylindrical holes and a polystyrene 1id. ASTM
Ch95-69, "Compressive Strength of Lightwelght Insulating Concrete"
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specifies four 3 x 6 inch (76 x 152 mm) sémples when testing
‘this type of lightweight concrete. A few 6 x 12 ineh (152 x

305 mm)} cylindrical samples were taken during Series IV. Samples
were not rodded but were tapped lightly to minimize separation

of the water and cement from the aggregate,

The bottom portion of all the samples from the Series I mix
designs with unstabiliged aggregate crumbled when the sample
containers were stripped prior to compressive strength testing.
Nail holes were punched (6 to 8 per can) in the bottom of some
of the containers used for the Series IT and III samples to
permit drainage of excess water. Some drainage of water had
been observed at the base of the forms when the vermiculite
conerete test block was casst. ’

The vermiculite concrete also showed a tendeney to stick to
the sides of the sample contaliners. The polystyrene box
appeared to produce less damaged samples, especially after a
hot wire cutter was used to slice the polystyrene away from
the samples.

by, Static Compression Test Results and Curing Procedures

The charts at the end of this subsection of the report are the
results of compressive strength tests for the 3 x 6 inch (76 x
152 mm) vermiculite conecrete cylinder samples for four of the
five series of trial mix designs. As explained earlier, all
the samples for Series I crumbled when they were stripped and
could not be tested. Results for the fifth series were divided
into three parts to facllitate reporting.

Curing methods are explained at the end of each chart. Most

of the sample cylinders for Series IV and V were steam cured.
At the time of this work there were no established procedures
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for steam curing vermiculite concrete., Atfempts were made

to follow the steam curing procedures for precast concrete
members as outlined in the California Standard Specifications.
The time periods pertinent to the steam curing cycle (2) are
defined as follows: delay period -~ time between adding water
to the mixture and first applicatlon of the steam; temperature
rise perlod - time during which the temperature of the curing
chamber 1is uniformly varied to a maximum; maximum sustained
temperature period = periocd during which the curing chamber 1is
at a constant maximum temperature.

Two steam curing chambers were used, each being 5.5 ft., (1.7 m)
long, 3.7 ft. (1.1 m) wide and 5.5 ft. (1.7 m) high. Steam was
supplied by a Type 72 boller manufactured by the Mercoid
Corporation, Chicago, Illinois, with a maximum operation pressure
of 100 psi (689 kPa). The temperatufe within the curing chambers
was regulated by a system of valves that could be adjusted to
control the amount of steam entering each chamber., Thermocouples
monitored the temperature in the chambers during some of the
curing cycles.

Before testing, the bearing surfaces of the samples were ground
plane. Samples were placed between two pileces of corrugated
cardboard and tested with a Tinius-0Olsen testing machine with

a 120,000 1b., (53.4 kN) capacity. A continuous load was
applied to each sample at a constant rate so that the maximum
lcad was reached In about 50 seconds. The failure plane for
most of the samples was about 45° (0.79 rad).
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Series II Compressive Strength Results 1.

- Number
of Average Compressive Strength, psi, of

Mix Samples Curing Samples at Age, Days
| Design Tested* Method#** 3 7 28
Z~ 1 -1 1,1 A - 25 51
Z- 1 -1 1,1 B - 44 56
z- T -1 1,1 C - 23 45
Z- I -1 1,1 D - 41 50
Z- 1II-1 1,1,1 A 29 26 51
Z- II-1 1,1 B - 42 58
z- 1I-1  1,1,1 C 20 23 35
z- 1I-1 1,1 D - 40 48

Z-I1I-1 1,1 A 15 23 -
z-III-1 1,1 B - 30 42
z-111-1 1,1,1 C 11 16 35
Z-I1II-1 1 D - - b4
Z- Iv-1 1,1 A 8 - 19
z- Iv-1 1,1 B - 26 28
Z- Iv-1 1,1 C - 13 23
7- IV-1 1,1 D - 18 32

* i,l = one sample tested for each compressive strength entry
All samples 3 x 6 inch (76 x 152 mm) cylinders

*% A = Samples cured at 70°F in fiberboard containers with
perforated bottoms to permit drainage of excess water.
B = Samples cured at 70°F in polystyrene containers with

perforated bottoms to permit drainage of excess water,
C = Samples cured at 70°F in fiberboard containers.

D = Samples cured at 70°F in polystyrene containers,

L. 1 psi = 6.89kPa ; K = (°F + 460)/1.8
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Series III Compressive Strength Results

I3

Number
of -
Mix Samples
Design Tested*
F- I -1 3,4,4,4
F- T -1 4,4,4,4
F- I -1 4
F- T-1 4
F- TI-1 3,4,4,3
F- TI-1 4,4,4,4
F- II-1 4
F- II-1 4
F-III-1 3,3,4,2
F-III-1 4,4,4,4
F-III-1 4
F-1III-1 4
F- IV-1 4,3,4
F- Iv-1 A
P TV-1 3
F- TV-1 4
z- I -2 3,3,4
Z- 1 -2 4,44
Z- I -2 3
Z- I -2 4

*

*% See curing methods for Series IT

1,

All samples 3 x 6 inch (76 x 152 mm) cylinders

1 psi =

Average Compressive Strengths, psi, of

1,

Curing Samples at Age, Days
Method##* 1 3 7 28
A 38 53 22 69
B 15 25 30 34
c - - - 35
D - - - 27
A 21 22 22 29
B 13 10 20 35
C - - - 28
D - - - 13
A 13 20 23 22
B 8 g 10 21
C - - - 18
D - - - 9
A - 22 35 65
B - 34 57 83
C - - - 68
D - - - 76
A - 17 23 53
B - 23 36 62
c - - - 40
D - - - 56

6.89%Pa
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Mix
Design
Z- 1T -3
Ze T -3
Z- I -4
z- 1 -4
7- I -3
Z- T ~b
Z- T -5
Z~ T -6
Zz- T -7
Z- 1T -7
Z- I -7
Z- I -8
Z- 1 -8
Z- T -8

*

Series TV Compressive Strength Results 1-

Numbex B
of Steam.
Samples Curing

Tested* . Method¥** 1

;;;;;

Average Compressive Strength, psi, of
Samples at Age, Days
7 10 14

._28 7mo.

8

b NN N

4,3
4,3
b4
4,6
4
4,8,4
L
bbb

E 55 - - -
E 57°° - - -
F 41 - - -
F 48" - - -
e} - - - -
G 3 . .-
H 33 - - -
H 33 - - -
I 29 49 -
I 64° - - .
J - - - -
I - - 123" 86
J - - - -
G 3% 78 - -

polystyrene containers unless otherwise noted.

#%  Curing Method

Delay Period Temperature

Rise Period

3]
il

- - -

- - -

— - -

- - 92 -
- - 138°°
- 55 -

- 57 -

109" - -

- 93 -

105 - -

- 133 -
94 - -

3 x 6 inch (76 x 152 mm) sample cylinders cured in

Maximum Sustained
Temperature Period

E 4 hrs 3 hrs @ 20°F/hx
, 4 hrs 1.5 hrs @ 40 F/hr
steam cabinet -, o _ o
H malfunctioned 4 hrs 2 hrs @ 40 F/hr
during cycle : o
I 4 hrs 3 hrs @ 30 F/hr

16.75 hrs @ 150°F
16.5 hrs @ 150°F
16 hrs @ 150°F

16 hrs @ 150°F

Samples cured in fogroom at 730F and 1007 relative humidity.

Samples cured,at 70°F for 24 hrs., then stripped and placed in
fogroom at 73 F and 100% relative humidity,

Samples dried at 140°F and cooled before testing.

6 x 12 inch samples taken In metal cylinder canms.

1 psi = 6.89kPa

H

X = (°F +460)/1.8
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Series VA Compressive Strength Results

Number '
' of Average Compressive Strength, psi, of
Mix Samples Curing Samples at Age, Days
Design Tested* Method** 2 4 7 10 21
lor -2 2,3,4 K 15 - 12 16 -
Z- IV-2 3,3,3 K 42 - 27 41 -
Z- T -9 2,4,4 K 102 - 75 91 -
2- 7 -4 44,4 L - 68 46 - 93
2- CON 4,4,4 L - 106 61 - 69
2« F -4 1,4,4 - L - 168 136 - 248
*# 3 x 6 inch (76 x 152 mm) sample cylinders cured in
polystyrene containers,
*% Curing Temperature Maximum Sustained
Method Delay period Rise Period Temperature Period
K 4 hs 4 hrs @ 20 F/hr 16 hrs @ 150°F

L = Steam cabinet malfunctioned ; 4 hr delay period ;
Steam curing cycle 24 hrs at the following temperafures:
700F to 1500F for 1 hr

3 hrs at 1500F

6 hrs at 145°F

145%F to 110°F for 1 hr

9 hrs at 100°F

100°F to 130°F for 1 hr

130°F to 80°F for 3 hrs

1. 1 psi = 6.89kPa ; K = (°F + 460)/1.8
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Series VB Compressive Strength Resultsl'

Number - ‘ Average Compressive Strength, psi, of
Mix of Curing Samples at Age, Days
Design Samples* Method#** = 2 3 b 5 8 14 15 26 27
3=-W-3 h,h,h M - 20 - - - 25 - 27 -
3-W-3 by, 4 M - - 14 - - - 17 - 18
3-W-2* 1,4,4 M - 125 - - - 127 - 126 -
3-W-2" 1,4,4 M - - 86 - - - 88 - 87
3-W-2" 4,8,4 M 53 = - 101 85 - - - -
3-W-1 4,h,4 M - 53 - - - 32 - 50 -
3-W-1  4,4,4 M - - 37 - - - 22 - 34
* 3 x 6 Inch (76 x 152 mm) sample cylinders cured in polystyrene
contalners.
© ¥¥ Curing Method M: 4 hour delay period; temperature rise period
1 hour at 35°F/hr.; maximum average sustained temperature period
.. 39.5 hrs, at 140°F,
?'Tﬂéwbdttom of the bag”df stabilized vermiculite aggregate (much
 finer gradation) was used and 0,9 lbs. of water was added to the
mix design as shown for Seriles V.
"1.-1 psil= 6.89 kPa; K = (°F+460)/1.8

26






5. piscussion of'Results

A great deal of information was gained guring the first three
grial mix design seried. Stabilized vermiculite aggregate con-

tainingie yinsol presin tyPE air-entraining additive substantially

The 1O0W strength vermiculite concrete mixes were difficult £o
sample. samples stripped from polystyrene containers with &
not wWire cutter were considerably 1es8 damaged than those

stripped from fiberboard or. metal sample containers.

Compressive strength pesults pased on a limited number of sample®s
for series 11 indicated that miX design 7-1-1 and 7-1I-1 with

28 day compressive strength® petween 35 and 58 psi (2h} and

1Qo ykPpa) came closest co the gesired design g prength rangé of

40 O 60 psi (276 €O Bk xPa) . HoweveTs mi¥ 7-11-1 seemed ©OO

S dry and Wasnhard ro mixXe. “The compressive strength ranges for
miies 7-11I-1 and 7-IV-1 were ©0O 1oW. gamples grom the first

series of mix designs were'not gested pecause they were damaged

'The'same 7-1-1 mix design from Series 11, miX 7-1-2> was used
for comparison in Series 11T with mixes F-1-31» P-11-15 and

E—Ill-l ell containing-calcium aluminate cemen® and miX F-IV-1
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'containing 10% more Type IIT cement than Z-I-2, Compressive
Strengths for batches P-I-1, F-II-1, and F-ITT-1 were all low.
The Strengths for these batches were probably low because the
recommended water-cement ratio for calcium aluminate dement as
indicated on the cement bag had been exceeded. The 28 day com-
pressive strengths for the F-IV-1 batch exceeded 60 psi (414
kPa) and the mix also Seemed too dry. The 28 day compressive
strength range of 40 to 56 psl (276 to 386 kPa) for mix Z=I1=2
compared closely to the range of 45 to 56 psi (310 to 386 kPa)
for batch Z-I-1 in Series 11,

Compressive Strength results for Series IV and V mix designs
were quite erratic and lnconclusive, During this phase of the
research project work had begun on a vermiculite concrete crash
cushion. A conceptual barrier design is discussed in the next
section of the report. In order to facilitate construction of
a full scale barrier composed of precast modules steam curing
was initiated for Series IV and V,

Since very little information was available at the time on
steam curing vermiculite concrete, the Californis Standard
Specifications for steam curing precast concrete members were
closely followed. These specifications Incorporated the follow-
ing majJor provisions: a 4 hour presteaming period, a maximum
rate for application of steam within the steam chamber not
exceeding 40°F (275 K) per hour, and a maximum curing temperg-
ture not exceeding 150°F (344 X). A maximum sustained temper-
ature period was not specified, Therefore, a 16 hour maximum
sustalned temperature period was selected for the first trial
batches,

The 24 hour compressive Strengths of 41 to 57 psi (282 to 393 kPa)
for the Preliminary steam cured batches Z-I-3 and Z~I-4 in Series
IV were consistent with the 28 day strengths for batches Z-I-1




and Z-I-2 in Series II and T1I which were conventionally cured.
Tt should be noted that all the 7-I batches contain the same

mix design; the number following the Roman numeral I represents
a batch number. About seven months later, however, compressive
strengths for some fog room cured samples from batches Z-I1-3

and 7Z-I-4 were 60% to 140% stronger than the 24 hour steam cured
samples. These hilgher strengths indicated that the steam curing
cycle was too short.

Before these seven month old samples were tested, however, the
First full size precast barrier module was cast using batches
7-I-5 and Z-I-6. (Barrler modules are discussed in the following
section.) The 24 hour'stréngths for these batches were somewhat
1lower than those for the Z-I-3 and 7-T-4 batches and additional
28 day compression tests verified that the steam curing cycle
was too short. Since the steam cabinets malfunctioned during
the steaming cycle for the Z-I-5 and Z-I-6 batches, steam
cabinet temperature exceeded 150°F (344 K) sometime during the
cyele, two additional batches 7-T-7 and 8 were mixed and steam
cufed to verify the need for a longer hydration period.

Even though somewhat erratic, compression test results for batches
7-I-7 and Z-I-8 indicated that the 7-T mix design might have con-
tained too much cement for the desired strength range or possibly
that the total steaming period was too short. Samples were also
oven dried at 140°F (339 K) and tested for these batches. The
oven dried samples were about twice as strong as the undried
samples.

Compressive strength results for Serles V were divided into
three parts. Mix designs 1-F-2 and Z-IV-2 (same as Z-IV-1 in
Sepries II) with lower cement contents were compared with Z-1-9

and again steam cured for 16 hours. Strength results were more

consistent for batches 1-F-2 and Z-IV-2 than for 7=I-9, These
.




and might have been affecteqd by Weather conditions ag the time
of mixing, Some orf the Serieg III batches wWere mixeq during
the winter st 45°F (286 K).

cycle, See Chart va for a detaileq €Xplanation, Prior to Series
VA, the Steam curing cycle had not been continuously monitoregd
by using thermocouples and g recorder, The Curing period for

charts fop Series VB and vg,

While mixing batches 3-W-2 the bottom of the bag or Vermiculite
ageregate (fine—gradation) was inadvertently used and more water

compressive Strength results fop batches 3—W—3, 3-W-2 ang 3~-W-1
did not vary appreciably with Sample age, This indicateq & more
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geries VC mix deslgns were planned €O further refine 2 yvermicu-
1ite.concrete mix thabt could be steam cured and produce 2 con-
sistent compressive strength range. Compressive strength results
for these batches were agaln somewhat erratic. Some samples

were stripped and tested while others were dried pefore helng
tested.

The steam poiler failed to operate propefly when the Pirst three
patches 1in geries VC were ready to be steam cured. The steam
boiler was not repaired until the following days hence, the
samplesAWere presteamed for 20 hours before bheing steam cured
for 24 hours. 1The two day compressive strengths of 72 to 97 psi
(496 to 668_kPa) for these batches wWere also high.

Additional sii-i, 5 and 6 patenes along with a 3-W-2 batch were
mixed and steam cured for 40 hours. Agaln the compressive
strength results varled over 2 wide range from 33 psl (228 kPa)
to as much as 130 psi (916 kPa). At this point 1t was decided
to discontinue considering'vermiculite concrete for use in an
energy apsorbing barrier due to its mixing peculiarities and

gifficulties in attaining consistent compressive strength results.

In summary, numerous yermiculite concrete design mixes were
patched and cured over & wide variety of conditions. Due to

the strict mixlng requirements for consistently workable patches,
the sampling and testing gifficultles encountered with these

1low tensile strength mixes and the wlde range of compressive
strengths for the same batch designs cured under gimilar con-
ditions, vermieulite concrete should not be considered for use

in pulk form for energy absorbing parriers.
While the trial mix design series were belng conducted and at

a point during the research project when preliminary strength
tests looked somewhat favorable, tWo full slze precast vermiculite
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concrete barrier modules were cast, steam cured and statlcally
crushed. The design and testing of these modules along with

a conceptual full scaie barrier design are discussed 1n the
following sections of ﬁhis report.

¢. Vermiculite Concrete Barrler Experience

1. Objectives and Completed Work

During the mix design phase of the research program vermiculite
concrete energy absorbing barriers composed of a serles of pre-
cast barrier modules with varying stiffnessess were proposed.
Precast modules were speclfled to minimize restoration work
after a barrier collision. Each precast module was %O be cast
with contoured sides similar to the profile of the New Jersey
type conerete median barrier. It‘was hoped these contoured
sides, whlle aesthetlcally improving the barriler, would provide
a satisfactory redirective capability in place of side panels.

Prior to any full scale crash tests, full size and quarter

scale modules for an energy absorbing barrier were to be built

and statlcally crushed to develop strength relationships and
reliable forming and casting techniques. If reasonable correla-
tions were established between the models and the full size
modules, additional models would be tested, as requlred, to
determine module dimensions. Full size modules were to be used
for this additional testing 1f the model technique was unsatls-
factory. Barriler dimensions would be based on the energy required
to erush the modules statically after the static to dynamic energy
ratio developed at the Texas Transportation Institute (1) was
applied.
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When efforts to develop an acceptabie vermiculite mix design
failed and further work on a vermlculite crash cushion was
discontinued, many of the tasks concernling the design of the
barrier and testlng of the modules had not‘been completed.
Initial fabrication of the duarter scale modules resulted in
very fraglle specimens. Wooden forms could not be easlly
stripped without the vermiculite concrete sticking to them.
Consequently, the model studies Were abandoned and some full
slze modules were built.

The remaindér of this report deals with the vermiculite con=-
crete barrier concepts that were developed. Two full size
precast modules that were bullt and statically crushed are
described. Forms for a weaker barrier module were bullt but
were never used,

2. Vermiculite Concrete Barrier Concepts

This project was initiated to develop a vermiculite concrete
crash cushion to be used to protect motorlsts from concrete
gore noses on structures and structural supports in the median
area or at gore locations. At the time this research began,
the three types of energy attenuators then approved for use
were the Texas Steel Drum Barrier, the Hi-Dro Cushion Attenuator,
and the Fitch Inertial Barrier.. They all lacked aesthetic
qualities that would allow them to blend in with the concrete
parapet type bridge rails being used in California. It was
hoped a moldable cushioning material such as vermiculite con-
crete would provide the flexibility to cast smooth attractive
fransitions that would fit naturally with any bridge rail
configuration.
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The vermlculite crash cushion concept, Figure 5, developed
during this project was intended to provide protection at the
terminal end of a concrete bridge barrier rail adopted for use
on projects that did not require a pedestrian walkway on the
bridge deck. This Type 25 bridge rail was a 32 inch (813 mm)
high concrete parapet with the New Jersey safety shape contoured
traffic face.

Complete details for a full size e¢rash cushion were not developed
at this time because the crushing properties of the full size
barrier moedules were not known. The precast modules were to

be incorporated into a prototype full scale barrier after
satisfactory completion of a series of laboratory static com-
pression tests.

During the development of a suitable precast module it was
realized that a barrier design With a limited number of stan-
dardized units would allow stockpiling of units in maintenance
yards and would facilitate barrier repailr efforts. Repair by
casting 1n place vermiculite concrete probably would not be
too practical due to the time required to gain sufficlent con-
crete strength.

Rectangular and circular volds of varlous sizes and arrangements
were considered during the stages of developing a precast modular
unit. A New Jersey contoured safety shape was used for the sides
of the units in place of a System of fender panels to provide

an effective redirective capability. '

The following sections of this report discuss the details of
developing the precast barrier modules. No attempt was made to
speéifically adhere to the void arrangements shown in the
conceptual crash cushion sketch, Pigure 5.
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3. Full Size Precast Barrier Modules

a. Design and Construction., Two full size barrier
modules with contoured sides similar to a New Jersey safety-shaped
medlan barrier were fabricated with slightly different void con-
figurations formed with 10 inch (254 mm) diameter sonotubes. Some
changes in design were implemented for the second module based
on the statie compression test results of the first module.

These first two modules would have been placed in the back rows
of a vermlculite concrete crash cushion. Forms were built for
a softer, more crushable full size module for use in the front
rows of a cushlon, but none were cast because at that time the
project was belng discontinued.

The exterior physlcal dimensions for the precast barrier modules
are shown 1in Filgure 6.

a-2%" | |

VERMICULITE
~ CONCRETE

PLYWOOD .
DIAPHRAGM

_4'-10" ‘JI

Figure 6 - Full Size Module Dimmensions

Note: 1 in.

léﬂ.S mm
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Three 10 ineh (254 mm) diameter sonotubes; placed vertically,
formed the voids for the module. Two smaller 6 inch (152 mm)
diameter voids formed with lightweight cardboard were placed
inside parallel to the bottom sloping surface of the module.
Welded wire fabric, 2 x 2 - 14 x 14 (51 x 51 mm - 2 x 2 mm),
stapled to the inside face of the two plywood diaphragms re-
inforced the sloping sides of the module.

The 1/4 inch (6 mm) thick plywood diaphragms elevated the module

1 inch (25 mm) off the ground to minimize intrusion of runoff
water, to decrease the frictional resistance of the barrier during
a headon collision and to distribute the forces during a frontal
collision,

The module is shown in Figure 7 after being cast from batches
Z-I-5 and 2Z-I-6 and steam cured.

Pigure 7 - First Full Size Precast Barrier Module
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Some separation occufféd'between the vermiculite and the plywood
diaphragms at the top edges of the barrier. This problem was .

corrected in the second module by bolting the diaphragms to thé;
sonotube wvoid forms. |

The second full size module was bullt with the same outside
dimensions as the first module. In addition to the three primary
10 irich (254 mm) diameter voids, two irregularly shaped voids con-
forming to the side slopes of the module were used in place of

the two 6 inch (152 mm) diameter voids. There was no vermiculite
concrete wall between the sonotube volds for the second design.
The sonotubes were bolted together. The plywood diaphragms were
Ancreased in thickness to 1/2 inch (13 mm) and were also bolted

to the sonotube void forms. Plastic spacers used with the bolts
maintained clearance between the dlaphragms and the sonotubes.

The same welded wire fabric used in the first module was used to
reinforce the sides of the second full size module. Both modules
were cast upside down to attaln a better surface finish. Figures
8 through 12 show some components of the forms, the connection
details, the wvoid arfangement, and the finish of the second barrier
module.

Figure 8 -~ Forms for Second Full Size Barrier Module
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Figure 9 - View Showing Bottom Figure 10 - View Looking at Top
Side of Module of Barrier Module

Figure 11 - Completed Barrier Figure 12 - Closeup View of Top
Module of Barrler Module
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Forms were fabricated fdf*a softer full size barrier module with
larger voids than the two previous module designs. Sixteen inch
diameter sonotubes were bolted together to form the interior

volds., The centerline width of this module was increased from

14 to 20 inches (0.36 to 0.51 m) to accommodate the larger void
size, The welded wire fabric and other dimensions were essentilially
the same as those used for the first two modules. Figures 13
through 15 show sdme of the form work and details for this module.
This module was never cast because the project was discontinued.

Figure 13 - Sonotube Void forms Figure 14 - Module Forms -
Upside Down
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Figure 15 - View of Bottom looking Inside Module Before
Placement of Sonotube Void Forms

b. Static Compressioh Test Results. Both full size

" were statically crushed at a rate of 9 inches (229 mm)
per miﬂgte-by a one million pound (4.45 MN) capacity testing
machine; Figure‘IG;‘_ '

Figure 16 - The First and Second Modules Prior to
Compression Tests
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.

Figure 17 shows the failure modes of the modules during theilr

gtatic compression tests.

Views of Tops of the Modules

. Views of Bottoms of Modules

’ " Flrst Module Design Second Module Design

Fligure 17 - Views of Partlally Crushed (about 30%) Full Size Modules
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Load deflection curves for both modules are presented in Figure
18. At the time the modules were tested, theilr vermiculite con-

crete compressive strengths were 56 and 86 psi (386 and 593 kPa)
respectively.

Based on areas under the load deflectlon curves in Figure 17, the
statlc energy absorbed by each module assuming a crush of 8.5
inchesl(2l6 mm) was as follows:

First Module Design = 41,210 foot - pounds (55.9 kJ)
Second Module Design = 32,100 foot-pounds (U3.5 kJ)

The statlic energy absorbed by the second module came closest to
the anticipated design érérgy of about 30, 000 ft-lbs (40.7 kdJ).
This module would have been used in the back rows of a crash
cushion, More crushable modules, capable of absorbing about
15,000 ft-1bs (20.3 kJ) of static energy, were to be used for
-the front half of the barrier.

T
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Figure 18 - Load Deflection Curves for Full
Size Barrier Modules
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PART TWO: EVALUATION OF VERMICULITE CONCRETE HELICELLS

I. INTRODUCTION

a, Background

Energy absorbing vermiculite concrete cells, termed helicells
in this report, were developed by Dynamlcs Research and
Manufacturing Inc. (DRM) of Sacramento, California. The cells
were orlglnally intended for use as block-outs in metal beam
guardrall. Later they were lncorporated into the design of two
crash cushilons, the Hi-Dri attenuator and the Guardrail Energy
Absorbing Terminal (G.R.E.A.T.), as the principal energy
absorbing elements.

The attenuators are marketed by Energy Absorption Systems, Inec.
(EAS) of Sacramentoc, California. Development and vehicle impact
testing of the attenuators was done jointly by DRM and EAS.

Reports on the development of the helicell applications described
above are contained in references 1 to 4. TFHWA has approved the
use of Hi-Drl and GREAT attenuators on federal aid highways.
Staff members of the Transportation lLaboratory and other Caltrans
engineers witnessed numerous developmental vehicle impact tests
on the crash cushions before recommending their use on California
nighways, At this time a small number of the two attenuators
have been installed 1n California with a number of others

planned for future projects.

The Hi-Dri and GREAT attenuators appear to be effective designs.
No vehicle Impact tests on these designs were conducted or are
planned by Caltrans. However, it was decided to do a limited
study of the properties of the individual helicells., The

47



results of that study are contalned in the Appendix. It was
concluded that the hellcells might have energy absorbing
characterlstics dependent on the ambient temperature and the
density of the helilcells., Hence, a more detailed investiga-
tion was conducted. This report deseribes the results of that
investigation.

B. OCbjectives

This study was designed to:

‘@ Determine the static compressive strength and force-
7' deflection characteristics of hellcells.

® Determine the energy-~deflectlion relatlionships of helicells
subjected to drop tests. '

o Determine the effects of humidity on the static strength
Sf heélicells.

"o Determine the effects of hot and cold temperatures on
" helicells subjected to statie strength tests and drop tests.

The results of this study were to be used to:

"o Determine whether exposﬁre of helicells to extremes of
temperature and humidity changes their effectiveness,.

® Provide information needed to estimzte the number of
helicells needed for installation sites having various

- design parameters.

e Establish standard tests that can be used for the quality
control of helieells.
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TI. CONCLUSIONS, RECOMMENDATIONS AND TMPLEMENTATION

Conclusions

Based on laboratory tests vermiculite concrete helicells used
as energy absorbing elements in highway crash cushions:

A. Are not sensitive to temperatures from 0° to 150°F (255
to 339 K) when subjected to static load compression tests.

B. Are not affected in statiec load compression tests by
experiencing first a number of temperature cycles from Q° to

150°F (255 to 339 K).

C. Have waterproof coverings of aluminum foil and asphalt
which are effective in preventlng molsture absorption by the
cells in high humidity environments.

bD. Show a large decrease in strength 1f the aluminum foil
and asphalt covering are removed and the helicells are then
plaéed in a high humidity environment. This results in a
large amount of water belng absorbed in the helicells.

E. Exhibit a failriy well defined band of load vs. deflection
curves plotted from static load compression test data.

F. Have deflection vs. energy consumed curves that are fairly
similar for both static and dynamic (drop welght) compression

tests, and agree with average values plotted from vehicle lmpact
tests,

G. Have close dimensional tolerances but widely varying weights.

9



Récommendatidns and Implementation

A, The manufacturer should be encouraged to maintain strong
quality control Procedures.

B. User agencles should verify that quality control procedures
are being adequately maintained.




ITI. TECHNICAL DISCUSSION

A, Description of Hellcells

Helicells used in Hi-Dri attenuators are cylindérs of molded
vermiculite concrete having a hollow core (Figure 1). They
have dimensions of approximately 7 inches (178 mm), outside
diameter, 2 1/2 inches (63.5 mm), inside diameter, and 11 1/2
inches (292 mm), length and a mass of about 5.5 to 6.5 1lbs.
(2.5 to 3.0 kg).

The manufacturing process for the helicells 1s as follows:

1. Aluminum foil wrap of a constant wildth is cut to a
standard length, pleated transversely at Ilntervals, then
rolled into a cylindrical shell.

2. The spiral reinforcing cage is constructed in two steps.

a. Galvanized wire, 16 ga. (1.6 mm), 1s wrapped auto-
matically around a revolving steel mandrel. A variable speed
motor turns the steel drum to control the spaclng of the wire
wrap.

b. Two lengths of galvanized wire are manually spot
welded longltudinally across the spiral reinforcing cage.

3. The aluminum foll cylinder is opened slightly at its
pleats and placed over the reinforced wire cage