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APPROXIMATE CONVERSIONS TO SI UNITS

APPROXIMATE CONVERSIONS FROM SI UNITS

SYMBOL|WHEN YOU |MULTIPLY| TO FIND |SYMBOL|SYMBOL| WHEN YOU [MULTIPLY| TO FIND |SYMBOL
i KNOW - BY KNOW BY
LENGTH ‘ LENGTH
in inches 254 milimeters mm mm  millimeters  0.039 inches in
it feet 0.305 meters m m meters 328 feet ft
yd - yards 0.914 meters m m meiers 1.09 yards yd
mi miles 1.61 kilormeters km km kilometers  0.621 miles mi
AREA AREA
in® square 6452 square mm® | mm? square  0.0016  square in?
~ inches millimeters millimeters inches
f*  squarefeet 0.093  square m’ m? square 10764 square feet ft°
meters meters
yd2 square 0.836 square m? m® square 1.195 square yd2
yard -meters meters yards
ac acres 0.405 hectares ha ha hectares 2,47 acres ac
mi® square 2.59 square km® km® square 0.386  square mi®
miles kilometers kilometers miles
VOLUME VOLUME
fl oz fluid 29.57 milliliters mL mL milliliters 0.034 fluid fl oz
ounces ) ounces -
gai gallons 3.785 liters L L liters 0.264  gallons gal
'  cubicfeet 0.028 cubic m m? cubic 35314  cubicfeet
meters meters
yd® cubic  0.765 cubic m° m® cubic 1.307 _cubic yd®
yards meters meters yards
MASS MASS
oz ounces 28.35 grams g d grams 0.035 ounces oz
ib pounds 0.454  kilograms kg kg kilograms  2.202 pounds Ib
T shorttons 0.907 megagrams Mg Mg megagrams 1.103  shorttons T
(2000 Ib} {2000 Ib}

TEMPERATURE (exact degrees)

TEMPERATURE (exact degrees}

°F  Fahrenheit (F-32)/1.8 Celsius °c

°c Celsius

1.8C+32

Fahrenheit  °F

FORCE and PRESSURE or STRESS

FORCE and PRESSURE or STRESS

Ibf  poundforce 4.45 newtons N N newtons 0.225 poundforce  Ibf
Ibf/in? poundforce 6.89  kilopascals kPa kPa kilopascals 0.145 poundforce Ibffin®
per square per squate
inch inch
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INTRODUCTION

Trinity Highway Safety Products, Inc. Cable Safety System (CASS™,) is being tested by
the Oklahoma Department of Transportation (ODOT) along I-35 in McClain County.
The Federal Highway Administration (FHWA) requires that experimental products be
evaluated prior to being used for federally funded projects. Since the CASS™ system is
an experimental product to the State of Oklahoma, the Planning & Research Division was
asked to conduct an evaluation of the CASS™ system’s installation methods and
performance. Trinity Industries, Inc. donated one mile (1.6 km) of their CASS™ system

which was installed near mile marker 99 in McLain County for the necessary evaluation.

Trinity Highway Safety Products is based out of Dallas, and produces a large number of
highway safety devices ranging from their Cable Safety System to highway guafdraﬂ and .
end treatments. CASS™ is NCHRP Report 350 TL-3 compliant. Trinity describes
CASS™ thus:

Using C-shaped posts and tensioned cables, CASS™ is designed to assist
in preventing potential head-on collisions by capturing and redirecting
errant vehicles that would otherwise traverse the median of a roadway.
The specially designed post employs a proprietary wave-shaped slot which-
works in tandem with strategicaliy positioned cables to increase the

system's ability to restrain various types of vehicles.

The proprietary shape of the post allows for lower deflections during crash
tf.:sts by minimizing the Ieﬁgth of unsupported cables. Additionally, the
widened cable spread works to retain different types of vehicles. (Trinity, '
2006)
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OBJECTIVES

The objectives of this project are as follows:
* Monitor construction and document procedures.
¢ Document specifications of the system.
» Compare system to proven products.
e Record crash and safety results. |

o Complete a final report on construction and investigation results.

The Oklahoma Department of Transportaticn (ODOT) will compare CASS™ with two

other systems, both of which have been approved to be constructed on Oklahoma’s

highway medians. CASS™ has different specifications and guidelines than the other

- systems, making it difficult to compare with them. Recommended guidelines for the

cable CASS™ system will be established according to the practices and specifications of
ODOT.

CASS™ DESIGN DETAILS

The CASS™ barrier system consists of three 34" (19 mm) 3x7 pre-stretched cables held

by 4”7 x 2” x 8 gauge (100 x 50 x 4 mm) mild steel C-channel posts (Trinity, 2003). The
cables are attached to the posts in a wave-shaped slot in the top of the post and kept
separate -at their specified heights by recycled plasﬁc spacers, a plastic cap on top of the
post, and a steel strap. The design spacing of the posts along the highway is governed by
the desired deflection after impact. A feature of the CASS™ gystem is the ability to -
design it for a deflection between 4 and 10 feet (1.2 and 3.0 meters) by varying the
spacing of the posts, a feature which allows for increased flexibility in different design
situations. Trinity Highway Safety Products, Inc. barrier design plans for the CASS™

system are found in Appendix A.



Trinity Highway Safety Products, Inc. states that the CASS™ system is capable of being
instailed in 250 to 10,000 feet (75 to 3000 meter) sections in a variety of areas such as
medians, shoulders, or slopes (Trinity, 2003). In addition, CASS™ offers different
options for the post installation: driven into the soil, inserted into a steel sleeve in the
asphalt, or set in a concrete post foundation. Due to 1ssues like maintenance, each option

deserves consideration for the application at hand.

CASS™ offers a unique design element in its wave-shaped slot which holds the cables in
the post. The waves are said to create a longer period of friction before the cable comes
out of the post during an impact. However, they still allow the cables to be released in
the latter stages of impact. This prevents the cables from falling to the ground with the

post, a situation which can permit the vehicle to cross the barrier.

Figure I: A post from Trinity Highway Safety Products, Inc. CASS™ Cable Safety System

Lva]



ey
o

0

FIELD TEST COMPARISON

In order to help prevent cross-over accidents, ODOT has looked into several proprietary
cable barrier options: BRIFEN Wire Rope Safety Fence (WRSF) (Emamian, 2003),
Safence Wire Rope Median Barrier by Blue Systems (Roper and Brewer, 2005), and the
CASS™ gystem already in discussion. All of the systems consist of high-tension pre-
stressed cables anchored at the ends with steel posts spaced in between to reduce the
deflection of the cables during impact. However, each system has a unique design. The
dimensions of the actual barrier designs used for each product during field testing with

ODOT are presented in Table 1.

Table 1: Comparison of geometry in ODOT Field Tests for cable barrier systems

BRIFEN
SAFENCE CASS
WRSF
] I"l'“nmty Industries]
Manufacturer Blue Systems AB Brifen USA Inc
Height [ ft (m) 2-7" (0.8) 2'-9.5" (0.9) 29" (0.8)
CABLES
Cable Diameter | in(mm)| 0.672 17.1) 0.701 (18.8) 0.701 (18.8)
Number of Cables 4 4 3
Top 2.0 (50.8) 4.0 (101.6) 4.0 (101.6)
Spacing Between l in (mm) 3.5 (88.9) 3.0 (76.2) 4.5(114.3)
Cables 3.5 (88.9) 3.0 (76.2) 4.0 (101.6)
Bottom 3.0(76.2) 7(177.8) ~--
Cable to Ground in (mm) 20.0 (510) 20.5 (520) 22(560)
POSTS
Shape I-Post S-Post C-Post
Post Width n (mm) 1.672 (42.5) 1.331 (33.8) 2.065 (52.5)
Length 3.314 (84.2) 4.117 (104.6) 4.104 (104.2)
Spacing ft (m) 80" (2.4) 10-6" (3.2) 6'-6" (2.0)

The CASS™ gystem is different from the other two barrier systems tested by ODOT in

that it uses three cables while the other designs use four cables. The inner friction posts
of the CASS™ system connect to the cables similarly to the Safence design with a slot at

the top of the post and plastic retaining spacers. The Brifen system, however, uses a
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design for the lower cables that inter-weaves them between posts, and rests the cables on
pegs on the side of the posts. The feature that differentiates the CASS™ system post
design from that of Safence is the cable holding design of the wave-shaped slot.

All three barrier systems in the ODOT field test were comparable in their construction
methods. Each design used a sleeve placed in a concrete foundation for the posts,
allowing for quicker and casier post replacement after an impact. The post spacing,
however, varied with the product: the Safence and Brifen models were constructed with
approximately 8’-0” (2.4 m) and 10’-6” (3.2 m) post spacing, respectively, while the
CASS™ system was constructed with a tighter spacing of approximately 6’-6” (2.0 m)
bet;Neen posts. A more detailed look into the CASS™ gystem construction.may be found

in Appendix C, which shows photographs of the installation procedure.

COLLISION REPORTS AND FINDINGS

From December 25, 2000 until the installation of the CASS™ system in McClain County
in 2003, a total of 7 cross-over collisions were reported, including three cases of property
damage as well as one injury and three fatality accidents. Three fatalities and 6 injuries

occurred due to these cross-overs.

Since the installation of the CASS™ systern in August, ﬁOOS through October, 2006, no
vehicles have passed through the barrier. A total of 8 median barrier collisions were
reported with no fatalities or injuries. As is graphically displayed in Figure 2, the
presence of the barrier has reduced the likelihood of cross-over collisions drarnatically.
Since the installation, 100% of possible cross-over collisions have been associated with a

fixed object (the cable barrier).



Prior to Installation of CASS After Installation of CASS
(Dec. 2000 to Aug. 2005) {Aug. 2005 to Nov. 2006)

Side Swipe
Opp. Direction N\
(Oep 29, ) \ Fixed Object

'\ Fixed Obiject
| 100%

42%

Ran Off Road !
29%

Figure 2: Cross-over collision types (CASS™ system)

Figure 3 displays some of the most important data of all: fatalities and injuries. The red
bars in the figure represent the entire period prior to the barrier installation back through
December, 2000. The blue bars represent the worst 15 month period in this time frame.
The 15 month period was selected for comparison with the 15 month period of data
available after the CASS™ was installed. Three fatalities and six injuries were reported
due to cross-over accidents since December, 2000, but thus far, none have occurred with

the CASST™ barrier system in place.

Fatalities and Injuries Before and After Installation

-~ 7

5 Red -- Dec. 2000 to Aug. 2005

_E§ 6 4 | Blue -- Dec. 2000 to Feb. 2002
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Eo 1 2 - Zz £
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Fatality Injury
Figure 3: Fatalities and injuries before and after installation of CASS™ System



From the reported cross-over and barrier collision data, the estimated property damage
time line and monthly average are displayed in Figures 4 and 5, respectively. These two
figures show the data from December, 2000 up to the barrier instailation in red, the data
since installation in green, and the worst 15 month period before installation for

comparison in blue.

Property Damage Estimates by Month

$50,000 I
1
|
$40,000 Red - Dec. 2000 to Aug. 2005 8!
1 - Dec. 2000 to Feb. 2002 | i
$30,000 Green — Aug. 2005 to Nov. 2006 % i
£l
z I
-1
$20,000 B!
<1
Q1
$10,000
$0 4 . N L : :
Dec-00 Feb-02 Apr-03 Jun-04 Aug-05 QOct-08

Figure 4: Property damage estimates by month (CASS™ system)

Monthly Average Property Damage

$4,500
Red -- Dec. 2000 to Aug. 2005
$4.000 Al Bjue - Dec. 2000 to Feb, 2002
$3,500 o| Green — Aug. 2005 to Nov. 2006
$3,000 <
$2,500 4
$2,000 4
$1,500 4
$1,000 4
$500 +
30 - —
56 Months Worst 15 Months
Prior to 15 Months Since
Installation Installation

Figure 5: Monthly average property damage (CASS™ system)
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Figures 4 and 5 show that property damage values have beén at a high level since the
installation of the cable barrier system. This is mainly due to the larger number of
collisions occurring since the barrier installation. In the past, however, it is possible that
accidents may not have been reported if little to no damage occurred to vehicles—for
instance, when a car veered into the median but recovered successfully. The presence of
the barrier has increased the likelihood of property damage, as well as reported collisions.
On the other hand, associated with these increases is a notable absence of any fatalities or

injuries.

At this time, it is not certain whether the increased number of collisions is simply a high
property damage period or a trend that will continue. When comparing the worst 15
month period average with the 15 month period since installation, the worst period before
installation of the barrier is significantly worse. However, it must be noted that the 56
month average property damage is only about 75% of that seen since the barrier was

installed.

Table 2 compares the crash data from all three proprietary high-tension cable barrier
systems tested by ODOT (Roper and Brewer, 2005). The Brifen data is from a section of
I-35 not covered in the report by Emamian (2003), but because of its close proximity to
the other two sections tested this segment was chosen for the crash comparison. All three
barriers showed an increase in the number of collisions reported. Brifen and CASS™
both showed very large increases in the number of collisions. This can be traced to the
likelihood that incidents of a car veering into the median, but recovering, would not have
been reported before. Since the barriers were installed, such formerly minor incidents

cause significant damage to the car and thus are reported.

All three barrier types also showed a large decrease in the number of cross-over injuries
and fatalities. Safence and CASS™ had no injuries or fatalities since the installation of
the barrier. Brifen was installed on a larger section in a busier area, and did show some

injuries after installation. However, the number of fatalities dropped from 6 to none, and
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the number of injuries dropped from 32 to 13. All three of the fences were successful in

their primary goals: preventing cross-over fatalities and injuries.

Table 2: Comparison of cable barrier collision performance

BRIFEN '
SAFENCE CASS
WRSF
Facility Interstate 35 Interstate 35 Interstate 35
County McClain Cleveland McClain
2005 AADT ~43,700 ~70,000 ~40,000
Miles of Barrier 1.0 5.8 1.0
Period of Study Prior 26 months 27 months 15 months
W/ Barrier 26 months 27 months 15 months
Prior 4 19 2
COLLISIONS - p ppn 3
Eatal Prior 0 5 1
. Barrier 0 0 0
. Prior 3 10 1
Injury
Barrier 0 12 0
Prior 1 4 0
Property Damage y
perty Damag Bartier 5 63 8
’ Prior 6 33 6
PE
RSONS Barrier 0 13 0
Fatal Prior 0 6 1
Barrier 0 0 0
Prior 6 32 5
Inju
ey Barrier 0 13 0

. * Worst 15 month period choseri for comparison, as mentioned earlier in report

USAGE IN OTHER STATES

According to the presentation on the NCHRP Project 20-7 (210) given by Alberson
(2006), 29 states responded to a survey in that project on cable barriers (see Figure 6).
Twenty-three out of twenty-eight (82%) reported that they use high-tension cable barrier
systems with 100% of these being pre-siretched. In the surveyed states, it was found that

approximately 1,047 miles (1,686 km) of high-tensioned barriers are currently in use.



States Surveyed by Alberson (2006)

@ - Respanding States

= Hoe-Regporsding State

Figure 6: Surveyed states {Alberson, 2006)

As seen in Figure 7, the majority of the surveyed states are using systems from Trinity
Industries, Inc. or Brifen USA. In addition, only 5% are currently using a Blue Systems

barrier and 20% are using a system other than one of the three that have been field tested
by ODOT.

Cable Barrier Systems Used by States Surveyed (Alberson, 2006)

Blue Systems,

5%
Trinity
Industries, Inc.,
38% Brifen USA,
37%
Nucor Steel

i Gibraltar, 10%
Marion, 10%

Figure 7: Types of high-tensioned harrier systems used hy states surveyed (Alberson, 2006)
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TEXAS EXPERIENCE

Oklahoma is not the only state currently performing field investigations of high-tensioned
barrier systems. The systemns developed by Brifen USA and Trinity Industries, Inc. are
being ficld tested in Texas as well (Medina and Benekohol, 2006). For ﬂ1ese studies the
Texas Department of Transpoﬁation (TXDOT) constructed 10.5 miles (16.9 km) of each
of the barriers on stretches of 1-20 and [-30 where 68,000 AADT were I:ypicai- At these
testing areas, TXDOT found that both the Brifen system with a post spacing of 10’-6”
(3.15 m) and the CASS™ system with a post spacing of 10 feet (3 m) performed to

satisfaction, with no vehicles passing through either system.

In both barriers it was discovered that an average of 15 to 20 posts were required to be
replaced after impact and sag could be seen in the cables after several significant impacts.”
In the Brifen system, as many as 30 posts or more have been required to be removed.
The Brifen system has shown sag in the cables more commonly than CASS™, and there

are reports of the Brifen cables being laid down after collisions. -

Both the Brifen and CASS™ systems had the opportunity to be field tested with a hit
from a large truck in the Texas study. In both cases the barriers performed their job in
stopping the trucks from crossing over. A cable reportedly came loose from the barrier in
the Brifen system: it was later determined that a shallowly threaded connection caused

the failure and the problem was quickly fixed with a special fabricated splice piece.

As far as the damage to the barrier posts, TXDOT also reported that after impact some of
the Brifen posts were hard to remove after being bent. Also, the Brifen plastic spacers
were noticed to break off easily as well as the dust covers have been difficult to remove.
Brifen has said that the post tolerances and dust cover chemistry have been changed to
correct for these problems. TXDOT saw that the CASS™ system posts could sometimes
be straightened, but Trinity Industries, Inc. does not recommend this. In addition, the

plastic spacers in the CASS™ were often compressed or bent, the cables frequently

11
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became too tight to lift, and the tops of posts beyond the actual impact zone can be

opened up during a collision.
Despite these issues with the usage of cable barrier systems, TXDOT was pleased with

the barriers. The high-tension cable barrier systems have proven very effective in

eliminating cross-over fatalities and injuries (Medina and Benekohol, 2006).

UTAH EXPERIENCE

Utah has also tested the Brifen and CASS™ cable barrier systems (Clayton, 2005). Utah
has used the CASS™ system at three locations, and chose one as a case study. At that
location, the AADT was 120,000, there were three lanes in each direction, 2 median
width of 36 feet (11 m), and side slopes of 1:4 to 1:5. FEight miles (13 km) of cable

barrier were installed.

After 16 months, 74 hits on the barrier had been logged. Of these, 32 were considered
likely crossover cases (vehicle speeds above 50 mph (80 kph)). Only two serious injuries
cccurred, and both of these involved collisions with other vehicles before contact with the
cable barrier. In addition to the reported cases, there were about four unreported cases
per month, indicating insignificant damage to the vehicle. During the 16 month

evaluation period, the barrier was penetrated three times.

As shown in Figure 8, the number of accidents rose significantly with the implementation
of the CASS™ barrier system. However, the number of serious injuries and fatalities
dropped dramatically. The average injury severity fell from 2.9 to 1.4. It is clear that this

cable barrier system is very effective in reducing human injury.

12



Accidents Yearly (Clayton, 2005)
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Figure 8: Accidents yearly before and after installation of CASS™! (Clayton, 2003)

Clayton lists several lessens Utah has leamed. The CASST™ system is quite resilient,
able to sustain a hit and remain effective even without repair. One instance 15 discussed
where four cars hit the cable barrier in close proximity during a single hail storm, but the
CASS™ system stayed effective throughout. Figure 9 shows the barrier after that event.
The average repair consists of four to five posts replaced and 30 to 60 minutes repair
time. Offsetting the barrier to one side of the median increased the accident rate from the

lanes on that side (Clayton, 2005).



Figure 9: Utah CASS™! system after four cars hit it (Clayton, 2005)

CONCLUSIONS

The CASS™ system from Trinity Highway Safety Products, inc. has performed well in
the field. The primary goal of the high-tension cable barrier system is to prevent cross-
over collisions. The CASS™ systern accomplished this goal in ODOT field testing. No
cross-over collisions occurred after the cable barrier was installed, though the barrier
sustained a number of hits. Before the barrier was installed, several injury and fatality

accidents took place; none occurred afterwards.

Because of the barrier, the total collision rate increased and property damage costs
increased well above average for that stretch of interstate. This is likely because some
accidents that without a barrier are recovered from without damage become barrier hits
when the barrier is installed. This is unavoidable and commonly seen with cable barriers,
but the benefits of eliminating human injuries and fatalities greatly outweigh the

moderately increased property damage cost.

14
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The CASS™ barrier system performed as well as the other two proprietary high-tension
cable barrier systems used by ODOT. All three systems (CASS™, Brifen, and Safence)
successfully reduced fatalities and injuries. No fatalities were seen with any of the
systems in their ODOT ficld tests. CASS™ and Safence both had no injuries after
installation; Brifen reduced injuries by about 65%. Since the primary objective of these

fences is to eliminate cross-over collisions, all of the fences were successful.

Research on CASS™ by other states has found similar results. The number of injuries
and fatalities are dramatically reduced, while the total number of incidents increases. The
systern has proven very resilient to multiple impacts, performing at Jeast as well as other
high-tension cable barrier types. Texas had some minor issues with the repair operations,

but nevertheless was pleased with the CASS™ system’s performance.

The version of CASS™ tested had a post spacing of two meters, so that is the spacing
thﬁt could qualified for usage by ODOT. Since installation, no vehicles have passed
through the barrier. CASS™ post spacing of three and five meters is also permitted by
FHWA, but such spacing has not undergone the required testing by ODOT for usage in
Oklahoma, it can not be permitted for bidding.
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_‘ 2 Meter Spacing
G5 L erormnsy % 2 8 22‘93 £00 Sevomik 31, SAY
ol Troagmeedahar . WpEhEon, !}C et
Faderal Highway
Adminisiraion

Refer tor FISA-LO/B-1158

r

Mr. Rodrzy A, Bayd

TFrinity Flighway Safety Products Division
P.O. Box 568387

Dallas, Texas T3356-8887

Dear Mr. Bayd:

in his Augusl L5, letoar ro Mr. Richard Powers of nyy siaff, your representative, Mr. Don Jobnson,
req.:csm formal Federal Highway Administration auceptance of 8 (hind vagiation Lo your high-
teasion, wire rope traffic barrier called the Cabie Safety Systen: (CASS). Tnciuded with the letter
were ¢opics of a Texas Transportation nstitate (T report dated jure 2033, entitled “Natioual
Highway Cocperative Research: Program CNCEHRPY Report 350 Tast 3-11 of the TRINITY CASS
Svstem witlk 2 m Post Spacing with Concrete Footings and Sockets™ and videotapas of the crash
test. Provious aceeptanves were for the CASS System with 3-m and 3-m post spacings,
respectively

As with the previcus two desipms, the TASS barrier described in the test repont cottsisied of three
19-mm dismcter, pre-stretehod 3 x 7 strand steel cebles mounted 530 mao:, 640 mm, and 750 mm
zhove fhe round. Each eable was tonsioned to 24KV vsing tushbuckies aitached 1o swaged
tureaded fitlings on each end.  These cables were supported by 1200-man: long, galvanized 100 x
50 x 4 mm C-channels inserted into sogkeied concrete Soundations, The TS 125 mm x 75 mm X
3.2 wim socke's, 380-mm long, were cast inside 250-mm diamcter conerete eylindeors set €00 mm
into augured holes, The upper et wal section of each post web was renoved to acoepi the cables,

which aze kept separated in 3 vertice] plane by the nsertion of plastic spacer blocks, a stainless
stecl strap, and a plastic cap over the top of each post.

In %est 3-1§. the pickup sk impacted near the third-point of the 100 m test instaljxtion at 100.6
kot at 33,6 deprees. The reported roli angie was 39.9 degrzes, but a0, oecupant risk valves were
weil below Report 330 preferred limits. The eable raf! deflected 2,66 meters i die test.
Although the tested design met all Repont 330 evaluation oriteds. you requested acceptance of a
sironger venerers foundation/stee! sockot to reduce repalr costs after impacts. Speoifically, you
proposad incmas{ng the concrere foundation diameter 1o 320 mm ard its depth 10 760 mm, ard
vou increased the thickness of the steel sleeve from the tested 3.2 wum to 4.8 mm. These
modifications are aceeptable.

Alithcugh the posts in the test instaiation were set in stect sockets cast into conerete eylinders,
you requested fhe use of posts set in driven steel tubes ¢r posts driven direcdy into a song soil

-
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as nlternative designs. As long as the post failure mechanism remains essentially unchanged
(i.¢.. post failurc by bending at the ground fine with minimal deflection below ground as in the
lest installation). these options are acceplable for any of the tested CASS post spacings. The
CASS Larrier should be introduced and ended with a crashworthy erminal such 2s the previonsly
accepted TTT breakaway terminat for a high-iensioned cable bazrier. £ the TTI tenminal is used.
the first six posts bévond the third breakaway anchor post must be the same posts at the same
spacing as werce nsed in the werminzf cerification tests unless you repeat the appropriate tests
using the CASS post ar these locations. A non-crashworthy terminal may be used if both the
upstream and downsiream anciors are adequarely shielded.

In sammary, (he CASS barricr, with posts set on 2-m centears, meets NCHRP Repon 350
ovaluation erileria as a test level X barrier and may be uged on the Nationat Highway Sysiem
(NTIS) as either a roadside vr median barrder when such use is aceeptable 1o the contracting
ageney. Since it is a proprictary produet, the provisions of Tithe 23, Coede of Federal Regulations,
Section 635.41] apply to its use on Federally funded projects, except cxempt non-NHS projects.

Please note the ndditional sndard provisions tha: apply 10 FHWA letters of acceptance:

»  This accepiance is limiicd to the crashworthiness characteristics of the CASS system and
dous not cover its long-term durability or maintenance requirements.

» Any design changes that may adverscly influenice the crashworthiness of the device may
require a tew acceptance letter.

s Sheuld the FHIWA discover that the qualification testing was flawed, that in-serviee
performinee reveals unacceptable safety problems, or that the device being marketed is
significantly different [rom the version thay was erash tested, it reserves the right to
ntodify or revoke its acecprance.

s You will be expeeted to supply potential users with suiTicient information on design and
installation reguirements to ensure proper performance.

* You will be expected to certify to potential users that the hardware furnished has
essentially the same chemistry, mechanical properties, and geomelry as that submitted for
accentance, and that they will meet the crashworthiness requiremients of FHWA and
NCHRP Repont 350.

= To prevenl misunderstanding by others, this letter of acceptance, designated as number
B-1198, shall not be reproduced except in foll. This letter, and the test documentasion
upon which this letter is based, is public information. All such letters and documentaiion
may be reviewcd at our office upon requesr.

Sincerely yours,

H C-Lm'h_a U 'r%)w
. Jolin R. Baxter, P.E.
Director, Qffice of Safety Design

Office of Safely

27



-

3

{ ]

SR T N

— =3

Appendix C: CASS™ Construction Operations
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Construction Operations: Anchors

Figure A - 1: Anchor post base hole drilled to depth of 6 feet.

Figure A - 2: Construction of rebar cage for anchor post base.
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Figure A - 3: Insertion of rebar cage into drilled anchor base hole and concrete placement

Figure A - 4: Finished ancbor post bases.
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Figure A - 5: Anchor post installed

Figure A - 6: Anchor post end of cable connection

31



Figure A - 7; Installed post near anchors--note different cable-holding system
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Construction Operations: Bartier Posts

Figure A - 9: Completed barrier post bases.
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Figure A - 10: Installation of posts and base caps.

Figure A - 11: Finished cable barrier system.
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Appendix D: CASS™ After Impact
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Figure A - 12: CASS™ system after impact.

Figure A - 13: Barrier post after impact.
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