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Summary of the NCHRP Report 350 Crash Test Results For The

Connecticut Impact-Attenuation System (CIAS)

Background

The Connecticut Impact-Attenuation System (CIAS) was developed by
the Connecticut Department of Transportation (ConnDOT) in cooperation
with the Federal Highway Administration (FHWA) to provide roadside
safety in areas deemed high-hazard locations. These locations are
along interstate highways, freeways and expressways in the gore area
between the mainline and an exit ramp. The initial four locations were
part of an experimental research project initiated in 1984 after the
successful deployment of the Connecticut Truck Mounted Attenuator
(CTMA). The CTMA was developed in 1975 to address the concerns ConnDOT
maintenance personnel had of errant vehicles entering work zones along
the roadside.

Like the CTMA, the CIAS is based on the principle of dissipating
kinetic energy by plastically deforming thin-walled steel cylinders
that are loaded laterally upon impact. The steel cylinders are
designed such that controlled energy dissipation could be achieved
under impact with both light weight and heavy vehicles [1]. This
report gives a description of the system, presents the previous full-
scale crash testing, as well as the requirements for evaluating the
performance of these systems and their efficacy in terms of safety as
addressed in the National Cooperative Highway Research Program (NCHRP)
Report 350 — Recommended Procedures for the Safety Performance
Evaluation of Highway Features [2]. Descriptions of the specific crash
tests performed on the CIAS under the NCHRP Report 350 crash test

criteria are also given.



Description of the System

The design configuration, including plan and elevation views of
the CIAS is shown in Figure 1. Figure 2 shows an overhead picture of

the system.
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Figure 1. CIAS Plan and Elevation View Schematic



Figure 2. CIAS Overhead View!

The CIAS is made up of the following four basic components:

Fourteen (14) Steel Cylinders;

Skid Rails;

Concrete Base Pad and Backup wall;

Vinyl Cover.

The fourteen (14) steel cylinders are the energy-absorbing
material of the system. They are all 1.2 m (4 ft) high and all are 1.2

m (4 ft) in diameter with the exception of the two in the second row

! System shown without vinyl cover.



(labeled as cylinders L and M in Figure 1), which have a diameter of
0.9 m (3 ft). The wall thicknesses of the cylinders range from 4.4 mm
(11/64 in) to 7.9 mm (5716 in). Two compression stiffeners, in the
form of pipes with an inside diameter of 38 mm (1.5 in), are welded on
one side in cylinders D, E, F, and G as shown in Figure 1. Each
cylinder in the last three rows (labeled A through G in Figure 1) also
contain four tension straps. The tension straps and the compression
pipes help to insure that the crash cushion will respond in a stiff
manner when subjected to a side impact near the rear of the unit. The
four front rows of cylinders do not contain any straps or compression
pipes. All cylinders are open-ended on both the top and bottom. The
positioning of each cylinder is critical to the mode of the system’s
collapse when impacted by a vehicle [1].

The entire system rests on two 63.5 mm (2.5 in) wide by 12.7 mm
(/2 in) high by 7.75 m (25 ft,5 in) long skid rails, which contact
some part of all fourteen cylinders. The rails are secured to the
underlying concrete base pad, which is 8.6 m (28 ft,4 in) long, and
varies in width from 1.4 m (4.5 ft) to 3.8 m (12.5 ft). A 2 m (6.5 ft)
long x 1.2 m (4 ft) high x 0.6 m (2 ft) deep backup wall is located at
the rear of the system. The steel reinforced concrete backup wall is
secured to the concrete pad with two rows of dowels. The backup wall
provides system anchorage and ensures proper collapse of the system.

Finally, the system is enclosed by a vinyl cover. 50 mm (2 in)
wide straps are sewn to the cover and clips on the other end of the
straps are either lag bolted to the backup wall or secured to the
cylinders with pop rivets. The cover prevents the build up of snow,
ice, and trash in the cylinders. It is also perforated with one or
more 22.2 mm (7/8 in) holes per cylinder to prevent the ponding of

surface water [3].



Previous NCHRP Report 230 Full-Scale Crash Testing

A program of full-scale crash tests was conducted from October
1982 to October 1983 at the Texas Transportation Institute, to test the
design and effectiveness of the Connecticut Impact-Attenuation System
under Transportation Research Circular (TRC) 191 requirements, as well
as NCHRP Report 230 requirements. TRC 191 was published in 1978 to
address minor changes from previously published circulars on full-scale
crash testing [2]. NCHRP Report 230, entitled Recommended Procedures
for the Safety Performance Evaluation of Highway Appurtenances, was
published in 1981 [4]. It addressed major changes that were needed to
broaden the scope of previously published information regarding vehicle
crash testing of roadside devices.

A total of nine full-scale crash tests were performed on the CIAS
under these recommended procedures. The design of the CIAS evolved
during the first phase of this testing program. By completion of the
first 5 tests, changes had been made including the addition of skid
rails and the cover, as well as changes to the height, number, bracing
system, and steel thicknesses of the cylinders. The last four tests
were performed with the same system specifications, and the results
satisfied the impact performance standards with respect to both the TRC
191 and NCHRP Report 230 requirements [5]. These excellent results
demonstrated conclusively that, upon impact, vehicles will be brought
to a controlled stop when struck head-on or smoothly redirected around
the hazard when controlling its stop is not possible due to the
orientation of the impact [5]- [In 1986, the CIAS was first approved by
the FHWA as an experimental crash cushion available for installation on

federal-aid highway projects.



Terminals and Crash Cushions Testing Requirements of NCHRP Report 350

NCHRP Report 350 uses three critical evaluation criteria to
determine the safety and effectiveness of traffic attenuation systems.
The first criterion addresses the structural adequacy of the
attenuation system. 2 Depending on its intended function, the system
may satisfy structural adequacy by redirecting the vehicle or by
stopping the vehicle in a controlled manner.

The second criterion to be evaluated is Occupant Risk. NCHRP 3502
uses two performance factors to assess the response of a hypothetical,
unrestrained front seat occupant whose motion relative to the occupant
compartment is dependent on vehicular accelerations. The two
performance factors are (1) the lateral and longitudinal component of
occupant velocity at impact with the surface and (2) the highest
lateral and longitudinal component of resultant vehicular acceleration
averaged over a 10-millisecond interval for the collision subsequent to
occupant impact. The latter performance factor is referred to as
ridedown acceleration. The maximum allowable limits for Occupant
Impact Velocity and Occupant Ridedown Accelerations are 12 m/s (39
ft/s) and 20 g’s (20 * 9.81 m/s? (32 ft/s?)), respectively, as stated in
NCHRP Report 350.

The third criterion is the post-impact vehicular trajectory.

This is a measure of the potential of the trajectory of the vehicle to
cause a subsequent multi-vehicle accident, thereby subjecting occupants
of other vehicles to undue hazard or to subject the occupants of the

impacting vehicle to secondary collisions with other fixed objects.*

2 NCHRP 350 page 52 section 5.2
® NCHRP 350 page 53 section 5.3
* NCHRP 350 page 55 section 5.4



According to the NCHRP Report 350, it is preferable that the vehicle
trajectory and final stopping position intrude a minimum distance, if
at all, into adjacent or opposing traffic lanes.

Using these three evaluation criterion, a given feature is tested
to one of six “test levels.” Most crash-tested safety features in use
in the United States, including terminals and crash cushions, are
tested at Test Level 3, which is acceptable for a wide range of high-
speed arterial highways. Test Level 3 uses three different vehicle
types (700 kg (1543 1b), 820 kg (1808 Ib), and 2000 kg (4409 Ib),
traveling at a nominal speed of 100 km/h (62 mph) [2]-

Further classification of terminals and crash cushions includes
gating or nongating terminals, and redirective or nonredirective crash
cushions. Gating terminals are designed to allow controlled
penetration along a portion of their length, and nongating terminals
are designed to have full redirection capabilities along their entire
length. A redirective crash cushion is designed to redirect a vehicle
impacting the side of the cushion, and a nonredirective crash cushion
is designed to decelerate the vehicle to a stop when impacted on the
side [2]. The CIAS was designed and originally tested as a
redirective/ nongating device. After the results of test designation
3-32, as presented below, the system was tested as a redirective/
gating device.

According to NCHRP Report 350, seven crash tests are recommended
for evaluation of redirective/ gating crash cushions. They are
designated as 3-30, 3-31, 3-32, 3-33, 3-34, 3-35, and 3-39. Tests 3-
30, and 3-31 were not conducted on the CIAS because these three tests
are similar to three tests conducted under the NCHRP Report 230
requirements, which the CIAS passed. Test 3-39, the reverse hit

performance test, was also not performed because the system is not



deployed in areas where a reverse direction hit will occur. Tests 3-
32, 3-33 and 3-34 were performed on the CIAS to evaluate occupant risk
and vehicle trajectory criteria. Test 3-35 is intended primarily to
evaluate the ability of the device to contain and redirect (structural

adequacy criteria) the vehicle within the trajectory criteria.

CIAS NCHRP Report 350 Crash Test Program

The NCHRP Report 350 crash test conditions for redirective/gating
crash cushions are shown in Table 1. A total of five tests were
performed on the CIAS using five different test designations. All five
tests were performed at the Texas Transportation Institute (TTIl) in
College Station, Texas.

The results of the crash tests, as presented in the three reports
from the Texas Transportation Institute, are summarized in Table 2.
Highlights from the crash test reports of the five individual tests

performed are discussed next.



Table 1. NCHRP Report 350 Crash Test Conditions for Redirective/Gating

Crash Cushions

NCHRP Vehicle | Impact Impact
Report 350 Weight Speed Angle Impact Point Test
Test (ko) (km/h) Waived for
Designation (degrees) NCHRP
Report
3507
3-30 820 100 Head-on, offset Yes
3-31 2000 100 Head-on, no Yes
offset
3-32 820 100 15 Head-on, no No
offset
3-33 2000 100 15 Head-on, no No
offset
3-34 820 100 15 Critical Impact No
Point
3-35 2000 100 20 Beginning of No
length of need
3-39 2000 100 20 Reverse Yes
direction




Table 2. Summary of CIAS Crash Test Results

NCHRP Report 350 3-32 3-33 3-34 3-35
Test Designation
Vehicle Mass (kg) 897 2075 896 2077
Vehicle Impact Velocity 99.98 99.96 98.7 99.49
(km/h)
Impact Angle (degrees) 15.75 14.65 15.4 20.53
Side/ Side/
Impact Location Nose/Center | Nose/Center Critical Beginning of
Impact Length of
Point (CIP)| Need (LON)
Occupant Impact
Velocity (m/s) *
(max. allowable=12)
Longitudinal 10 8 11 11
Lateral 2 2 2 6
Occupant Ridedown
Acceleration (g°"s) *
(max. allowable=20)
Longitudinal -12 -6 -20 -19
Lateral -3 -7 -4 13
Assessment Passed All Passed All | Passed All Passed All
* Rounded to Nearest Evaluation Evaluation | Evaluation Evaluation
Integer Criteria. Criteria. Criteria. Criteria.

Test No. 405651-1, NCHRP Report 350 Test Designation 3-32

Test 3-32 was conducted using an 820 kg (1808 Ib) automobile

impacting the nose of the crash cushion at a nominal speed of 100 km/h

(62 mph) and at an angle of 15 degrees.
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The results for test 3-32 are that the vehicle was traveling at
99.98 km/h (62 mph), and impact with the CIAS was at 15.75 degrees.
After the initial impact with the CIAS the vehicle yawed clockwise and
came to rest behind the CIAS. Although the CIAS safely redirected the
test vehicle after impact, the location where the vehicle came to rest
prompted the FHWA to change the CIAS from a nongating to a gating crash
cushion.

The occupant impact velocities and occupant ridedown
accelerations for the longitudinal and lateral directions were all less
than the maximum allowable amounts and, therefore, satisfied all

evaluation criteria.

Test No. 405651-4, NCHRP Report 350 Test Designation 3-33

For this test (3-33), a 2000 kg (4409 1b) pickup truck impacts
the nose of the CIAS at a speed of 100 km/h (62 mph) and an angle of 15
degrees. The results for test 3-33 are that the vehicle was traveling
at 99.96 km/h (62 mph) and impact with the CIAS was at 14.65 degrees.
After the vehicle struck the nose of the CIAS, it was redirected away
from the attenuator collapsing 11 of the 14 cylinders, leaving the
remaining three cylinders slightly deformed. The vehicle came to rest
5.5 m (18 ft) down from the nose of the attenuator and 13.7 m (44.9 ft)
to the left of the CIAS. The occupant impact velocities and occupant
ridedown accelerations for the longitudinal and lateral directions were
all less than the maximum allowable amounts and, therefore, satisfied

all evaluation criteria.

Test No. 404231-7, NCHRP Report 350 Test Designation 3-34
Test 3-34 is conducted using an 820 kg (1808 Ib) automobile and

in this test the vehicle strikes the crash cushion at the critical

11



contact with the ground at 0.14 seconds.

impact point (CIP) at a speed of 100 km/h (62 mph) and an angle of 15

degrees. The CIP is a point along the longitudinal dimension of the

crash cushions between the beginning of the system and before the

length of need (LON) that when hit has the greatest potential for

causing a failure of the test. Failure of the test under the

recommended criteria would include excessive wheel snag, pocketing or

structural failure of the system. The LON is defined as the part of

the longitudinal barrier or terminal designed to contain and redirect

an errant vehicle. The impact configuration for this test is shown in

Figure 3.
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Figure 3. Impact Configuration for Test Designation 3-34

The results for test 3-34 are that the vehicle was traveling at

98.7 km/h (62 mph) and impact with the CIAS was at 15.4 degrees. After

striking the attenuator at the CIP, the rear tires of the vehicle lost

Then, at 0.52 seconds the

12



vehicle lost contact with the CIAS and began traveling backwards for
about 1.5 seconds before it came to rest at barrel G. Cylinders A, K,
I and G were the most deformed, E and F were slightly deformed, and the
remaining cylinders had little or no noticeable deformations.

The occupant impact velocities for the longitudinal and lateral
directions were less than the maximum allowable amounts satisfying
evaluation criteria. The occupant ridedown acceleration was at the
threshold limit of 20 g’s for the longitudinal direction and well below
that limit for the lateral direction, thereby satisfying all evaluation
criteria.

Test No. 405651-3, NCHRP Report 350 Test Designation 3-35

For this test (3-35) a 2000 kg (4409 Ib) pickup truck impacts the
CIAS at the Length of Need (LON) at a speed of 100 km/h (62 mph) and an
angle of 20 degrees. The impact configuration for this test is shown

in Figure 4.
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Figure 4. Impact Configuration for Test Designation 3-35
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The results for test 3-35 are that the vehicle was traveling at
99.49 km/h (62 mph), and impact with the CIAS was at 20.53 degrees.
After striking the attenuator, the vehicle traveled in a direction
parallel to CIAS before coming to rest at 36.6 m (120 ft) down from and
in line with the edge of the CIAS.

The occupant impact velocities and occupant ridedown
accelerations for the longitudinal and lateral directions were less
than the maximum allowable amounts and, therefore, satisfied all

evaluation criteria.

Test No. 405651-2, NCHRP Report 350 Test Designation 3-38

Test 3-38 was conducted on the CIAS in May of 1996, prior to the
FHWA changing the classification from a Redirective/Non-Gating Test
Level 3 crash cushion to a Redirective/Gating Test Level 3 crash
cushion. The result of test 3-32, specifically where the car came to
rest, was the primary reason for this change.

For this test (3-38), a 2000 kg (4409 1b) pickup truck impacts
the CIAS at a speed of 100 km/h (62 mph) and an angle of 20 degrees.
The critical impact point (CIP) for this test is the location where the
greatest potential for snagging or pocketing exists along the length of
the attenuation system. It was decided that the CIP would be between
cylinders 1 and G.

The results for test 3-38 are that the vehicle was traveling at
100.71 km/h (62 mph), and impact with the CIAS was at 19.94 degrees.
After striking the attenuator, the vehicle was redirected, but not
enough to prevent the left front end from snagging the rigid backup
wall. The vehicle then came to rest 15 m (49.2 ft) down from the CIAS.

As a result of the snagging, it was determined that the exit angle
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(38.39 degrees) was greater than the allowable of 60% of the impact
angle, and the damage that occurred to the occupant compartment was
significant enough to deem the test unacceptable.

As a result of this test, the backup wall was modified to reduce
the overall width of 2.7 m (9 ft) down to 2.0 m (6.5 ft).
Subsequently, it was determined that test 3-35 would be required and

would supersede the results of test 3-38.

CIAS Testing Summary

Upon initial testing, four out of the five test designations
satisfied the requirements of NCHRP Report 350, however, the
requirements for test designation 3-38 were not met. Subsequently, it
was determined that this test was not needed, due to changing the
classification from a nongating to gating device. In a letter dated
April 9, 2002, the FHWA approved the use of the CIAS on the National
Highway System in gore areas and other locations where traffic can pass
on either side of the array and opposite-direction impacts are not a

concern.

Conclusion

The Connecticut Impact-Attenuation System was developed after
receiving favorable results from the Connecticut Truck-Mounted
Attenuation System developed by the Connecticut Department of
Transportation in cooperation with the Federal Highway Administration.
The CIAS is a roadside highway safety feature intended for use in areas
deemed as high hazard.

From May 1996 to April 1999, full scale crash testing took place
at the Texas Transportation Institute on the CIAS. This testing was

necessary for the system to meet the Federal NCHRP Report 350
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requirements. After the October 1998 FHWA mandate, it was essential
for the system to pass these requirements in order to be constructed
along the National Highway System.

Five crash tests were conducted on the Connecticut Impact-
Attenuation System using five different test designations of the NCHRP
350 requirements. After crash testing the device under Test
Designation 3-32, it was decided to change the device from nongating to
gating, allowing for controlled penetration along a portion of its
length. Four out of the five test designations performed passed all of
the requirements of the NCHRP Report 350. The fifth test did not meet
the requirements, but this test is not required for gating devices,
therefore, is not needed.

The overall performance of the CIAS led to the Federal Highway
Administration’s approval of the use of the CIAS on the U.S. National
Highway System where opposite-direction impacts are not a concern.
State Departments of Transportation and other local jurisdictions are
encouraged to consider the Connecticut Impact-Attenuation System for

their roadway safety needs.
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APPENDIX A

CIAS Installation Details

A-1



=m=m GEMNERAL SPECIFICATIONS
B 1. ALl ateel used 1n tha fabriestaon of the CIAS shell ba prodused in the Lited Statas.
2, Stonl Spamfrcationm
al A1 steel plates, bors, end stroztural shopes shall conforn 1o the requrenents of ASTH K6,

e B Al teel shoets ard sips shall oonforn to the reqaraments of ASTH AEE%
A ol Al1 stesl ppe shall oonforn to the requrementa of &3TH 4Ej Grade B,
t { t 3. Al walding ehell ba parforned by CornD0T certafiad valdes, end shal] conforn to the ragara-

martm of Sho most revart advhon of tha Fata of Lanrectasut: Depordmant of Trarcportotiors
o WO meld (L2 Standord Spacifcatiors, Helding electrodes shell be approved by the Engneer befara mork begins,
pups o cylinder <, A1l adges shell ba machirad i 3 sorknenlka mener s shall be fres of burs ard sherp adges.
wall on ths end Al hals shell ke drlled ar mackane cute
5. #ll sompletn CHE uratm chall b sovenbled 1 theur antuotys epoated and sppraved by CanrdT
Fraer to shippano
B. Each stem] sylinde- sholl:
hava tha fallowang wall thickness Wo substrbitions n vell thickress sizes wll be sccaptad;
* X 1Y Secal Tenaien 3traps, Typoal G = 4T 0E - %" Feb LG KN = 3 LM =4 goge
biheva a wngle dlectrically welded aeem, cut squers;
ciba ELAZYSF the specifasd chanetar messwed aceams sy chametan of tha ayhndsm
dihave 1-diamster heles drulled & From the 4ap ard 87 Fron the battom =t all Loertions
Fo whara tha cylinders touch mach othar n tha arrangemant shawn. Cyhndara & B, C =hall hom
% LiL2 |“~chanstar holes dralled st the reer of the systsm s thown tn Sscmon fri
& have o ranga valded 2 the rner faae far Lftng purpoess s showre The Difting rings
shall bs made fronm 1/27 round ber shor

= o cun cky ol
Tibe permanently lebled tn the anmde wall with vie indvncsl Letter demgristacn shour.
7. Stuffamra:

al Cylirders [LE, F, B shall sech have tao conpressan pips stffemers uratalled os sham, The
ppea sholl be fobricobed fron 3-1/2" 10, Schedual 4 =tmel mpe. Eoch of thees 1nterol
| er o “affenung pipas shol) be neldad 1o the cylindse wall on THE END ORLY. The frae snd shall
Hesama rest on 3 pips ratansr s shown. The ratenecs shell ba 3" in length. and Febricated fron
17 [0, Schadual 42 stesl pups. The ratmners shell ba weldad to tha cybrder wall s shakn,
but MAT valded o tha 1-1/2" ID smffening ipes
B Culindara #,B, €0, E,F, shall sach have four tanason streps installed s shown. Tarmion
. }..— w«—_l wtraps shal] be 5% L3 and ohell ba out v the preasr Jength and velded w e
cylindar vall ot the oriemtaton ord haight shown.
_ al When the CIAS 13 sasanbled, tha shffsrers focpresmon pipss end tensicn airepsl shall be
SECTION A — A SECTION & - B craantad o tha Systens’ camarhng 3 sbaun on the Gylundr Arkangenant detarl, ALl
BT B EE calindee sactions (A theo 0-00 era tahen pecpendicalar 4o the Systens’ contarlne.
T CYLINDERS #, B, C© 5. Cormostoonas
Hole | 1-1747 2 Enah oonplate CHE urat shall be mprbiad weth fify 160 2%-long % J'-dhanstar belts
comforming to ASTM A307. Each bolt shell ba providad sath teo 121 washers and ons @ o
e ALl belim ey vl mapher shall b galvenzed i gevardane b AT AAS
I L] 3. Sud Fails and L-Bracketst
w Emch complate CIAS urat shell be provided wth tvo (2 skd reals febriosted fron 2-1727 X

14

__|

] Fi

1 3

=

et
]
<

l_ﬁ
F_Qﬁ%

f £ bar atock, 256" 1ong. Tha raer and of sach ranl shall have a alat sa shown, and the Tront
L = i end of aach rail sholl ba bevelad, howa o wedga shoped ST 15 3 575 section nelded to 1t
] and havs o 1 diameter hals 2z shoure
g ' * bl Enh oonplate CIAS wrot shall be provided with tvo (2 127X 87 % " L-Brackats, 48" long wth
T = I 17X 2" bold slots as shown
i SIS A 18, Pratective Contangt
CYLINDER ARRANGEMENT al Surface Praparatian - All steal parts, Mith tha axceptuon af the cannectors, shall bs pre-
pouU il i B3 R pared for parang by sandblesang i canformence ith Evsel Eurunturss Pentng  Cauncal.
SKID RAIL SP-E, "Cormorcual Blant, [lasninp™ ALL Elarted aurfogen chell ba approved praer to comting:
2 Requued bl Pran Coat - ALl prepared surfooss shall bo shap coated Wit en spproved auno-rich w-ethana

priner. Tha prana coat shell ba fraa of ags and runs end have @ uraferm dry falm tack-
rass of 3 - 5 mils. Al prunsd surfrcss shall be approved befors the finel cont 15 apphed.
ol Fanel Color Cost: - Al prumad murfeons shall ba shop caatd with en approved hughrbuld

i A ahphotae uwathane, Federal Color Mo 13838 The final coat shell be Free of sage and runs
f = wrth & uform dry Falm tuakness of 3 - 5 mls
| affuﬂ-a{—(.% fi
| ] =
|

% f
|
: L .
|
|
[

L :
|

I

4 [ |__ ._.J }-—— s —-|
L L - BRACKET £
T A=) SECTION © - C SECTION 0 - D

2 Required CYLINDERS L, M CYLINDERS H, 1, J, K, N

NOT TO SCALE == 1804 A

MISCELLANEQUS E%NECT\CUT DETAIL
== SHOFP FAERICATED DETALS

Figure A-1 Shop Fabricated Details



"

¢

R
g
=TRY
2" Cow. Typ. Both Ends
Y
u Welded Wire Fabr]c\\
“ g i
e
A L " g 6"
‘ 2 Cov, —=f |=—
g L
a6
= 2o | Laolt Slseve, 2 Aequired Welded Wire Fabric
TR
w Tupacel Throughout
i T >
o com. 193 1 Bovsl Typcal
’——‘2,_3,,
o
o
| |
[ S e | ] F-10"
i Bolt Slesves 110, Soh. 48 Stasl Fipa
\ Soh,
. See Pad and Backup Mall Note 3 FLAN VIEW
| | See Section BB, Sheet A3 for I Cover Around
Locations, 2 Required / Edge of Pad
BT
i I
I e = 8- g B
#ooF
& F
&
Weldsd Wirs Fabric
e ERF i e " =
§ rS | - I
- —— T o 7 ‘
e MpE Mg 4.7'4—/4" L : f
12 fa—a
’E- . . I * 1 12"
n i
z

]
f
D ER

B =1 W of Backic Mall Soscna af veoue esnforana bar,

0" e
mea

NOT TQ SOALE | hchel b rannkar ===

e

==

Figure A-2 Concrete

ELEVATION WVIEW

SECTION

Pad and Backup Wall Detai

A-3

A - A

MISCELLANEQUS COMMECTICUT DETAL 1504, A2

PAD AND BACKUP WALL DETAILS



T x 27 Balt wi
2 Wesharn o Wt ]
3 Emoh Tip.for
Culinder A & ©

Hhek dlE” Gpaser

skad Real, Tymcel

on asrter 2 Tupe
for Cyluredor B

48" Theaaded Fad

== =
and Waahera 2 Tupe
==n

Jx 2 Balk wf 2 Washers end Mri
2 Typs 6 Enah Cylinder Cornectaon

ANCHORAGE and ASSEMELY DETAILS

121 87 Y L-Broakat
E=E=r==—r=
Culinderz A & T

TR MUt =nd
Washer. Typ. .
]
" Sod Real
. drahor Bolt
24 TupaBoth Sades

bR | e e e e

ASSEMBLY NOTES

1 %kad Raule end L-Brackats shell be placed tn posttion cwar tha corresponcing Ancor Bolts, ard wecured 1 placs
wth washers and nuta. Al anchor bl nuts shell be aghtened to o mrmm Final torque of 75 Ti-lb,

2. Lylinchr & shall be commested o 4m Backup Yol vt a0 21 &' 256" traced rocks o nuts conformeng o
BETH 335, erd washers acnfarmng to 85TH FA. 4% 4% J74STH 435 stmel spacars with "-danster balas on
camtar chall ba plased beteeen tha Backup Yall snd Cybndsr B se s chowa, ALl theadsd rods, nuts, weshera, snd
apacera shall be galvemized efter febricetion in canfornenca with ASTH FIGZ.

3. ALl Cylinders @ theu Ny zhell ba placad on the Skad Aals n the ocnfagustaon shown sbove. 1t 35 extemely amportant.
thes the o] Cylinders be placed In thetr praper posrmon 1n the arrag ALL Cylindsrs ehall be cannectad to
ench other at all ponts of tangency with e 12 T 2bolts, nuts ond washers. Cybnders & and & chall be
ssaursd to the cocrespording L-Braakat with #ree 1) Jix 2¥ baltz, ruts ard veshers. KLl boliz shell ba -hghtoned

b 5 mmmun final borque of 75 fi-lb

4 Gybindar ccarachan hardwera (boltaumubas and washers! shall b supplisd by #he CIMS maruFschurer,  Anchoring
herduars (hresdad rod, spacers, chancal sncher bokz, and relsted muts end vachers) shall be aupplad by tha
LI nstallaton controcter &2 port of the Fad and Bockup Well constructaon.

15

seogn Y 3-pn

P Typacel

T4 1710 Bt Eleeva

= wuz| | |
ey e pp————
! [ Y i 1 i |
I i | e
iy R ——— - l
| i |
! e | [ !

BACKUP WaLL
SECTION B - B

PAD and BACKUR wWALL MNOTES

1 Conatruction of tha CIAS shall confarn o the reqar of tha Comnectiart Departnant of o )
Standerd Speotfiostons Tor Aoads, Bridges and [nowdsnal Corstruotion inost recard edroon? and the Speotal Frovsions.
2, The CIAS Pad end Backup Wall shell be corstrunted with conerats having s mramm acmpreszive strangth (F'cl of 4580 pe..
2 Allrmnforeang steal shall bs new dafornsd bara canforming 4o ASTH AGTS, Grada B8 unless othermsza rated,
Voldad Wira Fehirio shall be mzs demgnation 6 - W4 and Grade BB The Bolt Sleaves shall be "~diomater,
Saheckila 48 sbasl pape confarming 4o the requirensnts of ASTH AE3 Grede B. They shall bs fasd to the remforcing
angs i ha mwact leeskons shawn abave priee to the ploasment of the Beokup Wall conarster When sscumng OIS 4 an
ensting Backip Wall, use o 2) 5" chemcal anchor bolts 1n place af Balt Sleaves end Threadad Rods for Cybrder B
4 Top af Fad clovations shall ba wmthin tha renga B ta 1447 shava the top alovations of tha arrounding pavanant.
The Fad shal] NOT ks cnstructad moh that wetsr wll collact and be retmnsd on vis mrisas 3t any ams,
5. The Fod md Baskup Wall dotmle shom o for comsirustin an o gravel base, Bochup Walle ond Fade enatrusied
m masting eomarrte o bradge deche chall b denugned o nest aute requrenents,
6. Anchor bolts and nuts shall conforn to ASTH AZPS. Wnshers for the mncho studs shall conforn to ASTH F43R
Anchor awds. rte and washers shall be gelvenized fter Feorcation in aoeordence Wtk AETH WA Each anchor balt
shell b chancally ambeddad 1 » prepared hols in striot wath the 'n The
chamcal anchers and methoda of bals prepariion shall be approved by te Engnesr befors worke begina, Ench ochar
belt ehall have 27 of theeads sxpoisd chovs the concrts aurfacs,

MISCELLANEQUS EE‘%NECTICUT DETAL
BACKUP WALL % ASSEMELY DETALS

Figure A-3 Backup Wall and Assembly Details

2 Lover
Tpucel

1804 A3



CIAS COVER FABRICATION SPECIFICATIONS

Fsbris - The CI4§ Cover shell be Fabriosted from Virwl-Costsd Polysster Fabrio cordormng o the
Fallowing mramum raguirsmanta: Boss Fobric Weight=6.0 z/sy Total Fabric Waight=22.8 ozfey:
Tongus Tear Mothod B134E150 1byGrab Tenmile IMothod SIB=5@0/488 lbs Strip Tensile Method B1E2)=
4807388 1b/1n Hydrostatio Resstanos (Msthod B5LZEG80 py Color—Elack. & sampls of the propossd
fabrac shall ks submrtted for sppeoval pracr o vts use For the CIAS Cover,

Straps - The [IA5 Cover S4raps shall be placed and =ewn %o the Cover Fabris i the configurstion
hown, The Strmps shall b Febriosted from 2%wde Bleak Ssat-bslt matarisl, with m mrimum total
mrmle strongth of 5808 lb, St-ap locoton cimormens shown ors 4o e Steop Conterlinss.

Thread = The Straps shall be sscuraly fastsned o the Cover Fabric with black or netural color,

s1za EE Mylen thraad

Stitohing - Statching shall be full Langth of all Straps and an confermance with the confagurstion
houn balow, ¥ertassl statshing ehall be ussd thrcughout +he CIAS Cover with s maze of B per inch.
£l locms thread snds shall he sscurely tisd to prevert rsveling.
Clips - Chrome-plated steel clips comforming to the configuration shown bslow shall bs fastensd to
e Froe end of oach Strap. Each Clip shell hove = 27 slot and 54167 hole as showne

:5/15" Dazme=ter Hole
2147 Slot

Typrasl Steap

]

—

-

I
I
| e i
:
I

N |

[——
[TTrDvarTer 1
———————————— T S N
————————— Ry (| R (SRR S S}
]
I
|
End of Str
e | Swtching
Strapa } A

Anap

B e SRR

[

1-1/2 Ham, Tymoml

\Edge oF Cover

——L]

TYFICAL COYER SECTION

thp

/161"y Wade Flangs
Alumirum Fop Favat

- A

e | aegn
| Mot All dimenaions srs eimetrical sbous the Centerline.
2 | g
qg | g | . | g
I |
& =] [ -2
14 112" Typacsl
i @
375l
= afme i Gope- Swsne
e Turacal
&
Stitched End
Rounf aroemerits
Far Slitz
@ B Cover Clip
ki = Tuprcal
| o
<) \ =] ETJT [ Edgs of Cover
Hem A1l Around o
Szz Tgpm';"'l‘”SeDmn 4 Typ1cal, All Clips
=]
CIAS COVER PLAN
Lover
0 W *
Cotl B ~ P e = T
O S
. 7 n 3
at :" ’{ B
: it 3 / o
N N Cover
Beckup Wall
5
| 18+ Cylindar Wall
H Typacal, All Cylindars
A
LA -1427 i 3-8 -
Galvarnzed Lag Bolts . Norte: Ruvet Holoe shall be placed such that
| the Cover 1z taut throughout the LIAS.
| Backup Wall
COYER ATTACHMENT TO BACKUP WALL COVER ATTACHMENT TO CYLINDERS
=== —
NOT TO SCALE | ——mr——— =

Figure

[EEEE

en

A-5

A-4 Cover Fabrication and Attachment Details

1804 k4

MISCELL ANEDUS CONMECTICUT DETAL
ClAS - COVER FABRICATION

ANDATTACHMENT

DETALS



APPENDIX B

Summary of Test Results and

Typical Photos of NCHRP Report 350 Tests Performed
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NCHRP Report 350 TEST 3-32
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Figure B1-2 Vehicle/lInstallation Geometrics Before Test 3-32
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Figure B1-3 Sequential Photographs for Test 3-32
(overhead and frontal views)
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Figure B1-4 Sequential Photographs for Test 3-32 continued
(overhead and frontal views)
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Figure B1-5 Installation After Test 3-32
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Figure B1-6 Installation After Test 3-32 continued
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Figure B1-7 Vehicle After Test 3-32

B-9



NCHRP 350 Test 3-33
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Figure B2-2 Sequential Photographs for Test 3-33
(overhead and frontal views)

B-12



0.238 s

0.354 5

0.450 s

0.579 5

Figure B2-3 Sequential Photographs for Test 3-33 continued
(overhead and frontal views)
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Figure B2-4 Installation After Test 3-33
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Figure B2-5 Installation After Test 3-33 continued
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Figure B2-6 Vehicle After Test 3-33

B-16



NCHRP Report 350 TEST 3-34
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Figure B3-2 Sequential Photographs for Test 3-34
(overhead and frontal views)
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Figure B3-3 Sequential Photographs for Test 3-34 continued
(overhead and frontal views)
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Figure B3-4 Installation After Test 3-34
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Figure B3-5 Installation After Test 3-34 continued
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Figure B3-6 Vehicle After Test 3-34
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NCHRP TEST 3-35
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Figure B4-2 Sequential Photographs for Test 3-35
(overhead and frontal views)
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Figure B4-3 Sequential Photographs for Test 3-35 continued
(overhead and frontal views)
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Figure B4-4 Installation After Test 3-35
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Figure B4-5 Installation After Test 3-35 continued
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Figure B4-6 Vehicle After Test 3-35
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NCHRP 350 TEST 3-38
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Figure B5-2 Vehicle/lInstallation Geometrics Before Test 3-38
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Figure B5-3 Sequential Photographs for Test 3-38
(overhead and frontal views)
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Figure B5-4 Sequential Photographs for Test 3-38 continued
(overhead and frontal views)
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Figure B5-5 Installation After Test 3-38
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Figure B5-6 Vehicle After Test 3-38
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APPENDIX C

Federal Highway Approval Letter
for use of the CIAS on the National Highway System

at Locations Where Opposite-Direction Impacts are Not a Concern



April 9, 2002
HSA-10/CC-77

Keith R. Lane, P.E.
Director of Research and Materials
Bureau of Engineering and Highway Operations
Connecticut Department of transportation
280 West Street
Rocky Hill, Connecticut 06067-3502

Dear Mr. Lane:

With your October 10, 2001 letter to Mr. Frederick Wright, former Federal
Highway Administration Program Manager for the Safety Core Business Unit, you
sent the final test report in a series of tests conducted over the past six years to
certify the Connecticut Impact Attenuation System (CIAS) as a National
Cooperative Highway Research Program (NCHRP) Report 350 test level 3 (TL-3)
crash cushion.

The CIAS is a unique attenuator that “captures” vehicles impacting at or near the
nose and along its front sides, while redirecting vehicles impacting near the back of
the unit. As shown in greater detail in Enclosure 1, the CIAS consists of twelve steel
cylinders 1.22 m in diameter and two cylinders 0.91 m in diameter. Each cylinder is
1.22-m high. Wall thickness varies from 6.35 mm for the three cylinders attached to
the backup structure to 7.94 mm for the next two cylinders to 4.76 mm for the
remaining large-diameter cylinders. The two 0.91 m diameter cylinders are made
from 8-gauge plate steel. The CIAS array is set on two steel skid rails bolted to a
concrete pad and connected to a 1980-mm wide backup wall with L-brackets on
each side of the wall. These L-brackets are the only significant modification from
the original design. They serve to offset the rear-most cylinders 610 mm from the
edge of the wall to minimize vehicular snagging at this point.

NCHRP Report 350 tests 3-32, 3-33, 3-34 and 3-35 (note: test 3-35 was originally run
as test 3-38) were successfully conducted. I consider tests 3-35 and 3-38 to be
essentially the same tests for the CIAS design and note that test 3-35 demonstrated
an acceptable redirectional capability of the CIAS in a side impact near the back of
the array after the design was modified as noted above. Test 3-30 is similar to the
head-on small car test run under NCHRP Report 230 guidelines and was waived as
previously agreed by our respective staff members. Test 3-31 was considered
unnecessary based on the results of test 3-33. Consequently, the CIAS, as tested,
may be considered an NCHRP Report 350 TL-3 crash cushion and may be used on
the National Highway System in gore areas and other locations where traffic can
pass on either side of the array and opposite-direction impacts are not a concern.

I understand that the CIAS, while patented, is not proprietary and that plans,
specifications, and additional information on its cost and performance can be

C-2



obtained through Mr. James Sime, Manager of Research, at (860) 258-0309
or via e-mail at james.sime@po.state.ct.us .

Sincerely yours,

(original signed by A. George Ostensen)
A. George Ostensen

Program Manager, Safety
Enclosure
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