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1 INTRODUCTION
1.1 Background and Problem Statement

The low-tension, three cable barrier is a versatile and econonical guardrail system which is
often used in conjunction with relatively low traffic vol umes in order to shield non-recoverable
slopes and hazards, and where a large dynamic deflection is acceptable. These systems consist of
steel cables supported by weak posts. When an errant vehicle impacts the cable system, sufficient
tension is developed within the cables in order to mirect the vehicle, effectively shield the notorist
from roadside hazards. Due to the likelihood of a longitudinal impact with the end of the cable
guardrail system, a crashworthy end term inal is required. For this purpose, various crashworthy
cable guardrail end terminal designs have been desgned using the breakaway feature of the slip base
mechanism. Currently, only one end termnal and anchorage system for the low tension, three-cable
barrier has met the criteria of the National Cooperative Highway Research Program (NCHRP)
Report No. 350, Recommended Procedures for the Safety Performance Evaluation of Roadside
Features (1). The terminal, developed by the New York Department of Transportation (NYDOT),
is a flared end terminal with a large anchor block (2). This flared design has limitations when used
along steep slopes and in conbination with a W-beam guardrail, especially at bridges. Maintenance
workers also have difficulty working with the anchor size.

As currently approved, the length of need (LON) for the NY Cable Terminal design begins
approximately 12 m( 39 ft - 4 in.)downstream from the concrete anchor block. The reason for such
along development length is to reduce the loads orthe anchors. In addition, the existing design used
1.64 m® (57.9 ft’) of concrete in the 1,448-mm x 1,143-mm x 991-mm (57-in. x 45-in. x 39-in.)

anchor block. Therefore, the need exists to develop a tangent anchor with a smaller anchor block



which meets the NCHRP Report No. 350 criteria.
1.2 Objective

The objective of the research project was taedesign the New York low-tension, three-cable
terminal to be used as a tangent system and with a reduced the size of the anchor block. The cable
terminal system was to be evaluated according to thTest Level 3 (TL-3) safety performnce criteria
set forth in NCHRP Report No. 350.
1.3 Scope

The research objective was achieved by perfoming several tasks. Following the design and
construction of the cable terminal system, four full-scale crash tests were performed on the cable
terminal system. The first test utilized a ¥#on pickup truck weighingapproximately 2,000 kg (4,409
Ibs), with a target impact speed and angle of 100.0 km/h (62.1 mph) and 20 degrees, respectively.
The last three tests were performed using a small car, weighing approximately 820 kg (1,808 Ibs),
with a target impact speed and angle of 100.0 knih (62.1 mph) and 0 degrees, respectively. Finally,
the test results were analyzed, evaluated, ad documented. Conclusions and recommendations were

then made that pertain to the safety performance of the cable terminal system.



2 LITERATURE REVIEW

The first three-strand cable terminal system to be full-scale vehicle crash tested according
to NCHRP Report Nos. 230 (3) and 350 (1) was developed by the NYDOT (2, 4). This system
consists of standard cable posts with S76x8.5(S3x5.7) sections and soil plates, three 19-nm (0.75-
in.) diameter cables with a top m ounting height of 762 mm (30 in.), and a rectangular concrete
anchor block located 1,219 mm (48 in.) laterally behind the tangent posts. The end terminal has a
flared section extending 12.8 m (48 ft). This requires that the anchor be placed on the fill slope.

The reverse direction test, test no. 96 (2, involved a small car weighing approximately 816
kg (1,800 Ib) impacting 10.44 m (34 ft-3 in.) upstream of the anchor at a speed and angle of 94.3
km/h (58.3 mph) and 14 degrees, respectively. Due to vehicle rollover, this test was deeme d a
failure. To improve the performance of the cable guardrail end termnal, the system was redesigned
by utilizing V-notches in the cable anchor bracket tension plate and tef lon-coated washers. The
modified system was impacted in the reverse direction. This test, test no. 97 (3, consisted of an 816
kg (1,800 1b) small car, impacting 10.06 m (33 ft) upstream of the anchor, at a speed and angle of
92.9 km/h (57.7 mph) and 13 degrees, respectively. Similarly, test no. 97 was deemed a failure due
to vehicle rollover.

Following the unsuccessful test nos. 96 and 97, resarchers determined that friction and angle
of impact were critical in the reverse-directionimpact on the cable guardrail end termnal. Thus, the
design was modified to include a cable guide post with a steel sleeve anchored in concrete in order
to guide the cables into the cable anchor bra cket. The reverse direction test, test no. 98, was
conducted on the modified system using an 816-kg (1,800-1b) small car impacting 12 m (39.4 ft)

upstream of the anchor at a speed and angle 0f89.8 km/h (55.8 mph) and 11 deg, respectively, and



was deemed acceptable. Test no. 99, consistedof'a 2,041-kg (4,500-1b) sedan inpacting 23.2 m (76
ft) downstream of the anchor a t a speed and angle of 92.4 km /h (57.4 mph) and 24 degrees,
respectively. The vehicle penetrated and underrode tle cables, resulting in excessive roof crush and
windshield deformation of the vehicle. During th is test, the cable brack et disengaged and was
thrown into adjacent traffic lanes. Test no. 99 was deemed unacceptable.

To reduce the risk of the cable underride, th e top mounting height of the top cable was
lowered to 686 mm (27 in.) with cable spacing of 76 mm (3 in.) between the others. Additionally,
since the detached bracket posed a significant threatto other motorists, the design was modified by
welding the brackets to the posts. Test no. 100 consisted of a 2,168-kg (4,780-1b) sedan irpacting
the modified system 24.7 m (81 ft) downstream of the anchor at a speed and angle of 92.9 km /h
(57.7 mph) and 23 deg, respectively, and was determined to be successful according to the criteria
presented in NCHRP Report No. 230 (3).

The next test was performed head-on with the centerline of the vehicle aligned with the
centerline of the cable anchor bracket. Test no. 101 consisted of an 816-kg (1,800-1b) sm all car
impacting the system with the centerline of the vehicle aligned with the centerline of the cable
anchor bracket at a speed and angle of 93.5 km /h (58.1 mph) and 0 degrees, respectively. The
vehicle rolled over due to vehicle contact with thefirst post in the system Thus, the cable guardrail
end terminal was modified to include a slip-base pos as the first post in the system. The retest, test
no. 102, conducted on the modified system, consisted of an 816-kg (1,800-1b) small car impacting
the system at a speed and angle of 116.5 km /h (72.4 mph) and 0 degrees with respect to the
centerline of the cable anchor bracket, respectively, also resulted in rollover and subsequent test

failure.



The system was then modified, reducing the angle between the anchor rods and the cable
anchor bracket by running the cables over shelbrackets on post no. 1 and noving post no. 2 to 4.88
m (16 ft) downstreamof the anchor. The retesttest no. 103, consisted of an 816-kg (1,800-1b) small
car impacting at 109.4 knm'h (68.0 mph) and 5 degreeswith respect to the tangent section at a quarter
point offset. The test was deternined to be successful according to the critaria presented in NCHRP
Report No. 230. The next test, test no. 104, consiging of an 816-kg (1,800-1b) small car impacting
the cable anchor terminal at 98.7 knmvh (61.3 mph) and 15 degrees, respectively, was determined to
be acceptable. The next test, test no. 105, consised of an 816-kg (1,800-1b) snmll car impacting 7.2
m (23.5 ft) downstreamof the anchor at a speed and angle of 88.2 knth (54.8 mph) and 10 degrees,
respectively, was determined to be acceptable.

The next test, test no. 106, consisting ofa 2,041-kg (4,500-1b) sedan impacting 11.6 m (38
ft) downstream of the anchor at an angle of 10 degrees relative to the tangent section, resulted in
vehicle penetration of the three-cable guardrail and subsequent failure of the test. The system was
modified by adding an additional washer to the anchor rods. The retest, test no. 107, consisting of
a2,200-kg (4,850-1b) sedan inpacting 11.6 m (38 ft) downstreamof the anchor at a speed and angle
of91.1 knvh (56.6 mph) and 25 degrees relative to the tangent section, respectively, was determed
to be acceptable according to NCHRP Report No. 230.

In order to meet the standards of NCHRP Report 350, NYDOT was required to performan
additional test, test designation 3-35 of NCHRP Report 350 (1 _). This test, test no. 404211-6,
consisted of an 896-kg (1,975-1b) sm all car at the critical impact point (CIP) of the system in a
reverse direction impact, such that the centerline of the vehicle was aligned with the centerline of

the cable anchor bracket, at a speed and angleof 99.3 km/h (61.7 mph) and 14.7 degrees relative to



the tangent section, respectively (5 ). The test was determ ined to be acceptable according to the

NCHRP Report No. 350 criteria.



3 TEST REQUIREMENTS AND EVALUATION CRITERIA

3.1 Test Requirements

Cable guardrail end terminals must satisfy the requirements provided in NCHRP Report No.
350 to be accepted for use on National Highway System  (NHS) construction pr ojects or as a
replacement for existing system s not meeting current safety standards. According to TL-3 of

NCHRP Report No. 350, a gating term inal system must be subjected to seven full-scale vehicle

crash tests. The crash test designations are as follows:

1.

Test Designation 3-30 consisting of an 820-kg (1,808-1b) sall car impacting
the cable end terminal at a nominal speed and angle of 100.0 km/h (62.1
mph) and 0 degrees, respectively, on thenose of the end terminal with a 1/4-
point offset.

Test Designation 3-31 ¢ onsisting of a 2,000-kg (4,409-1b) pickup truck
impacting the cable end terminal at a nominal speed and angle of 100.0 knih
(62.1 mph) and 0 degrees, respectively, on the nose of the end terminal.

Test Designation 3-32 consisting of an 820-kg (1,808-1b) sall car impacting
the cable end terminal at a nominal speed and angle of 100.0 km /h (62.1
mph) and 15 degrees to the tangent section, respectively, on the nose of the
end terminal.

Test Designation 3- 33 consisting of a 2,000-kg (4,409-1b) pickup truck
impacting the cable end terminal at a nominal speed and angle of 100.0 knih
(62.1 mph) and 15 degrees, respectively, on the nose of the end terminal.

Test Designation 3-34 consisting of an 820-kg (1,808-1b) sall car impacting
the cable end terminal at a nominal speed and angle of 100.0 km/h (62.1
mph) and 15 degrees, respectively, and at the Critical Inpact Point (CIP) on
the end terminal.

Test Designation 3-35 consisting of a 2,000-kg (4,409-1b) pickup truck
impacting the cable end terminal at a nominal speed and angle of 100.0 knih
(62.1 mph) and 20 degrees, respectively,and at the beginning of the Length-
of-Need (LON) on the end terminal.

Test Designation 3-39 consisting of a 2,000-kg (4,409-1b) pickup truck
impacting the cable end termnal at a nominal speed and angle of 100.0 knih



(62.1 mph) and 20 degrees, r espectively, and at the m idpoint of the end
terminal length for reverse direction impacts on the end terminal.

The test conditions for TL-3 gating terminals are summarized in Table 1. However, due to
the similarity between the modified cable guardrail end terminal and the NYDOT terminal design,
several crash tests were deem ed unnecessary. Test no. 3-30 was considered a critical test, thus
requiring it to be performed on the modified cable guardrail terminal even though test no. 103 was
found to be acceptable on the NYDOT t erminal design. It should be noted that test no. 103 was
conducted at 5 degrees versus the 0-degree inpact angle specified in NCHRP Report No. 350. Test
nos. 3-31 and 3-33 were not performed on the terminal end at 0 and 15 degrees, respectively, since
the heavier pickup truck vehicle would not be critical as compared to the small car impact on the
nose at 0 degrees and with a 1/4-point offs et. In addition, the pickup truck would not becom e
unstable as the cable posts would be easily bentover as the vehicle passed over them Test no. 3-32
was not performed on the nose at 15 degrees due to the success of test no. 104 on the NYDOT
terminal design and the sim ilarities between the two cable barrier systems. In addition, it was
believed that the small car test at 0 degrees on the nose using a 1/4-point offs et was more critical
than the small car test at 15 degrees on the nose aligned with the vehicle’s centerline.

Test no. 3-34 with a small car was deemed unnecessary due to prior testing with small cars
on the nose of the NYDOT termnal design at 15 degrees and with the understanding that snall cars
impacting at 20 degrees downstreamfrom the terminal end would be safely redirected. Test no. 3-35,
a Length-of-Need test (LON) with a 2000P vehicle i mpacting at 20 degrees, was considered a
critical test for evaluating the optimzed anchor designs and imparting a maximum loading into the
foundations. This test was believed critical even though the NYDOT terminal anchor design was

successfully evaluated with test no. 107 using a leavy sedan vehicle. Finally, test no. 3-39 was not



performed due to similarities between the between the two cable barrier systens and the successful
performance of two small car tests (test nos. 98 and 404211-6) performed in the reverse direction
on the NYDOT design. In addition, the reverse dired¢ion 2000P crash test was not deemed critical.

In summary, test designation nos. 3-30 and 3-35 were determined to be necessary to prove
the crashworthiness of the new, cable guardrail end terminal system.
3.2 Evaluation Criteria

Evaluation criteria for full-scale vehicle crash testing are based on three appraisal areas: (1)
structural adequacy; (2) occupant risk; and (3 ) vehicle trajectory after collision. Criteria for
structural adequacy are intended to evaluate the ability of the barrier to contain, redirect, or allow
controlled vehicle penetration in a predictable mnner. Occupant risk evaluates the degree of hazard
to occupants in the inpacting vehicle. Vehicle trajectory after collision is a neasure of the potential
for the post-impact trajectory of the vehicle to cause subsequent m ulti-vehicle accidents. This
criterion also indicates the potential safety hazar d for the occupants of other vehicles or the
occupants of the impacting vehicle when subjectedto secondary collisions with other fixed objects.
These three evaluation criteria are defined in Table 2. The full-scale vehicle crash tests wer e

conducted and reported in accordance with the procedures provided in NCHRP Report No. 350.



Table 1. NCHRP Report No. 350 Test Level 3 Crash Test Conditions

Impact Conditions

Test Test Test Speed Evaluation
Article Designation | Vehicle P Angle Criteria '
(km/h) (mph) (degrees)
3-30 820C 100 62.1 0 C,D,F.H,LK,N
3-31 2000P 100 62.1 0 C,D,F,H,LK,N
i 3-32 820C 100 62.1 15 C,D,F,H,LK.N
Gating End
Terminals 3-33 2000P 100 62.1 15 C,D,F,H,LK,N
3-34 820C 100 62.1 15 C,D,F.H,LK,N
3-35 2000P 100 62.1 20 A,D,F.K,LM
3-39 2000P 100 62.1 20 C,D,F,K,L,M,N

! Evaluation criteria explained in Table 2.
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Table 2. NCHRP Report No. 350 Evaluation Criteria for Crash Tests (1)

Structural
Adequacy

A.

Test article should contain and redirect the vehicle; the vehicle should not
penetrate, underride, or override thanstallation although controlled lateral
deflection of the test article is acceptable.

Acceptable test article perform ance may be by redirection, controlled
penetration, or controlled stopping of the vehicle.

Occupant
Risk

Detached elements, fragments or other debris from the test article should
not penetrate or show potential for penetrating the occupant corpartment,
or present an undue hazard to other traffic, pedestrians, or personnel in a
work zone. Deformations of, or intrusions into, the occupant corpartment
that could cause serious injuries should not be permitted.

The vehicle should rem ain upright during and af ter collision although
moderate roll, pitching, and yawing are acceptable.

Longitudinal and lateral occupant impact velocities should fall below the
preferred value of 9 m /s (29.53 ft/s), or at least below the =~ maximum
allowable value of 12 m/s (39.37 ft/s).

Longitudinal and lateral occupant ridedown accelerations should fall below
the preferred value of 15 g’s, or at least below the m aximum allowable
value of 20 g’s.

Vehicle
Trajectory

After collision it is preferable that the vehicle's trajectory not intrude into
adjacent traffic lanes.

The occupant impact velocity in the longitudina 1 direction should not
exceed 12 m/s (39.37 ft/s), and the occupant ridedown acceleration in the
longitudinal direction should not exceed 20 g’s.

The exit angle from the test article preferably should be less than 60
percent of test impact angle measured at time of vehicle loss of contact
with test device.

Vehicle trajectory behind the test article is acceptable.

11




4 TEST CONDITIONS
4.1 Test Facility

The testing facility is located at the Lincol n Air-Park on the northwest (NW) side of the
Lincoln Municipal Airport and is approxinmately 8.0 km (5 mi.) NW of the University of Nebraska-
Lincoln.

4.2 Vehicle Tow and Guidance System

A reverse cable tow system with a 1:2 mechanical advantage was used to propel the test
vehicle. The distance traveled and the speed of th¢ow vehicle were one-half that of the test vehicle.
The test vehicle was released from the tow cable before impact with the barrier system. A digital
speedometer was located on the tow vehicle to increase the accuracy of the test vehicle im pact
speed.

A vehicle guidance system developed by Hinch (6) was used to steer t he test vehicle. A
guide-flag, attached to the front-right wheel and thk guide cable, was sheared off before impact with
the barrier system. The 9.5-mm (0.375-in.) diameter guide cable was tensioned to approximately
15.6 kN (3,500 Ibs), and supported laterally and vertically every 30.48 m (100 ft) by hinged
stanchions. The hinged stanchionsstood upright while holding up the gude cable, but as the vehicle
was towed down the line, the guide-flag strwk and knocked each stanchion to the ground For tests
CT-1, CT-2, CT-3, and CT-4, the vehicle guidance systems were 304.8-m (1000-ft), 243.8-m (800-
ft), 241-m (790-ft), and 240-m (788-ft) long, respectively.

4.3 Test Vehicles

Fortest CT-1, a 1996 GMC %s-ton pekup truck was used as the test vehicle. The test inertial
and gross static weights were 2,018 kg (4,449 Ibs). Thtest vehicle is shown in Figure 1, and vehicle
dimensions are shown in Figure 2 .
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Figure 1. Test Vehicle, Test CT-1
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Date: 7/3/02 Test Number: CT—1 Model: 2500
Make: GMC Vehicle 1.D.#: 1GDGC24R6T7544461
Tire Size: LT _245/75__R16 Year: 1996 Odometer: 214552

*(All Meusuremenis Refer to Impocting Side)

Vehicle Geometry - mm (in.)

a__1892 (74.5)  b_1835 (42.25)
e = — [ c_ 5537 (71.8)  o_1327 (52.25)
1 11 e 3327 (131.0) . £._.908 (35.75)
Q\ 0540 (21.25) n_1394 (54.875)
= S e i __438 (17.25)  j__660 (26.0)
peeeleronetens k__597 (235) |\ __794 (31.25)
e da m_1594 (62.75) n__1613 (12.5)
l J _Iél_ e o__1041 (41.0) p___ 83 (3.25)
| & o G;‘ J mor\ .l q..762 (30.0) _ r__445 (17.5)
L I 1T\ Il o 483 (19.0)  +. 1867 (73.5)
" Wheel Center Height Front __368 (14.85) _
¢ Urenr ‘ VoS " Wheel Center Height Rear _ 368 (14.5) .
N Wheel Well Clearance (FR) 902 (355)
Wheel Well Clearonce (RR) Q62 (37 875)
Weighte Engine Type 8_CYL. GAS
kg (Ibs) Curb Test Inertial Gross Static Engine Size __5.7. 1L 350 Gl
Wiront 1133 (2498) 1173 _(2586) 1173 _(2586) Transmission Type:
Woeor 846 (1865) 844 (1861) 844 (1861) (Automatic) or Manual

Wiotal ]—9—19—(5-3—6-1)- M zm_g_(_d‘n_d‘n_d‘n.g.l

Note any damage prior to test: NONE

FWD or or 4WD

Figure 2. Vehicle Dimensions, Test CT-1
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For test CT-2, a 1995 Geo Metro was used as th e test vehicle. The test inertial and gross
static weights were 816 kg (1,799 1b) and 891 kg (1,96%bs), respectively. The test vehicle is shown
in Figure 3, and vehicle dimensions are shown in Figure 4 .

For test CT-3, a 1998 Geo Metro was used as the test vehicle. The test i nertial and gross
static weights were 810 kg (1,786 1p and 885 kg (1,952 Ibs), respectively. The test vehicle is shown
in Figure 5, and vehicle dimensions are shown in Figure 6.

For test CT-4, a 1997 Geo Metro was used as t he test vehicle. The test inertial and gross
static weights were 814 kg (1,795 b and 889 kg (1,961 Ib), respectively. The test vehicle is shown
in Figure 7, and vehicle dimensions are shown in Figure 8.

The longitudinal com ponent of the center of gravity (c.g.) wa s determined using the
measured axle weights. The location of the final centers of gravity are shown in Figures 1 through
8.

Square black and white-checkered targets were placed on the vehicle to aid in the analysis
of the high-speed film and E/cam, Photron, and AOS videos, as shown in Figures 9 through 12.
Round, checkered targets were placed on the center of gravity, on the driver’s side door, on t he
passenger’s side door, and on the roof of the vehicle. The rem  aining targets were located for
reference so that they could be viewed from the high-speed cameras for film analysis.

The front wheels of the test vehicle were aligné for camber, caster, and toe-in values of zero
so that the vehicle would track properly along the guide cable. Two 5B flash bulbs were mounted
on both the hood and roof of the vehcle to pinpoint the time of impact with the barrier on the high-
speed film and video. The flash bulbs were firedy a pressure tape switch nounted on the front face
of the bumper. A remote-controlled brake system was installed in the test vehicle so the vehicle
could be brought safely to a stop after the test.

15



Figure 3. Test Vehicle, Test CT-2
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Date: 7-16-02 Test Number: CT—2 Model: 820c¢

Make: _Geo Metro 2Dr.  Vehicle L.D.#: 2C1IMR226656725470
Tire Size: _155/80 R13  Year: 1995 Odometer: 101.105

Vehicle Geometry — mm (in)

SN e a_ 1537 (60.5) b_1416 (55.75)
a|m % ke | |t c_ 3797 (149.5) d_ 597 (23.5)
— P s ¥ 1 e_2369 (93.25) ¢__838 (33.0)
) ) 9546 (21.5) n_870 (34.25)
i 216 (8.5) j__540 (21.25)
k_ 330 (13.0) 1 _679 (26.75)
b m__1372 (54.0) n_1365 (53.25)
o J Lo o_ 559 (22.0) p_ 121 (4.25)
q__ 572 (22.5) r_ 362 (14.25)
“Viront ¢ “Mrear s_ 273 (10.75)  t_ 1562 (61.5)
height of wheel 270 (10.625)
center
Engine Type S cyl. Gas
Engine size 1.0 L
Weight Curb Test Gross T BB Fhvess
kg (Ibs) Inertial Static ransmission lype:

or Manual
(EWD) or RWD or 4WD

Wepont 444 (979) 516 (1138) 552 (1218)

W 260 (574) 300 (661) 339 (747)

reor

Wiotql 204 (1553) 816 (1799) 891 (1965)

Damage prior to test: __None

Figure 4. Vehicle Dimensions, Test CT-2
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Figure 5. Test Vehicle, Test CT-3

18



Date: __10/10/03 Test Number: ____ CT—=3 Model: ___GEQ METRO
Make: CHEVY Vehicle 1.D.#: 2CIMR2265W6700937
Tire Size: 155/80R19 Year: 1998 Odometer: 92.631

*(All Measurements Refer to Impacting Side)

Vehicle Geometry — mm (in.)

o__1562 (61.5) b__1435 (56.5)

— - W LA ¢_3785 (149.0) _ o__584 (23.0)
olm “ £ _|nlt e_2369 (93.25)  f_832 (32.75) .

) ey A 0. 546 (21.5) h__851 (33.5)

g i ___64 (2.5) J 552 _(21.75)

k__2794 (110) | __673 (26.5)

m_1505 (59.25)  n_1340 (53.75)

b 0972 (22.3) p_229 (9.0)

e q..572.(22.5) __ r__375 (14.75)
s__672 (10.5) t__1600 (63.0)

Wheel Center Height _261 (10.265)

Engine Type 3 _CYL. GAS
Engine Size 1.0 L
Transmission Type:

Weights _

kg (ibs) Curb Test Inertial Gross Static or Manual

Viront 437 (437)_ 200 (442) 555 (1223) EWD) or RWD or 4WD

Wrear —258 (568) 292 (644) 331 (729)
Wiotgl 695 (1532)  _810 (1786)  _885 (1952)

Note ony damage prior to test: NONE

Figure 6. Vehicle Dimensions, Test CT-3
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Figure 7. Test Vehicle, Test CT-4
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Date: 6/8/05 Test Number: CT-4 Model: _820L — METRO
Make: Geo Vehicle [.D.#: 2C1IMR2290v6728119
Tire Size: P150/80R13 Year: 1997 Odometer: 187,358
*(All Measurements Refer to Impacting Side)
Vehicle Geometry — mm (in.)
o _ a_1543 (60.75) b_1394 (54.875)
C o (L2 ) c_3797 (149.5) d__B03 (23.75)
aln [; T & |n |t e_2362 (93.0) f_ 864 (34.0)
__I\/»—NT\H;}M 4‘. g__546 (21.5) h__864 (34.0)
T - o 432 (17.0) J_ 527 (20.75)
k__ 318 (12.5) l 635 (25.0)
m_1375 (54.125) n_1356 (53.375)
b 0_581 (22.875) p__105 (4.125)
°l e q_ 572 (22.5)  r_365 (14.375)
s_308 (12.125) +_ 1549 (61.0)
Wheel Center Height _ 267 (10.5)
Engine Type 4 CYL. GAS
Engine Size 1.3 |

Weights

kg (Ibs) Curb Test Inertial Gross Static

Wfront 492 (1085)  _517 (1140) _554 (1221)
Wreor 288 (835) 297 (635) 297 (855)

Wotal 280 (1720) ~ _814 (1795)  _889 (1961)

Note any doamoge prior to test: NONE

Transmission Type:

Automatic or(Manual}
(FWD)or RWD or 4WD

Figure 8. Vehicle Dimensions, Test CT-4
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U C 1T S ——
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/@‘C\E
I

TEST #: _CT-1

TARGET GEOMETRY == mm (no

o 921 (36.25) o 1664 (65.5) g 1264 (49.75)

j 997 (34.25)

b 705 (27.25) e2153 (84.75) n1394 (54.875)

k 667 (26.25)

c2604 (102.5) f2153 (84.75) i 1200 (47.25)

L 1067 (42.0)

Figure 9. Vehicle Target Locations, Test CT-1
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TEST #: _CT—2

TARGET GEOMETRY —— mm (in.)
— c_248 (9.75) o930 (36.625)

h 749 (29.5)

o 1105 (435) b
e 1029 (40.5) ¢ 870 (34.25) g 1499 (59.0)
546 (21.5) j_978 (30.5)

Figure 10. Vehicle Target Locations, Test CT-2
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TEST #: CT-3

TARGET GEOMETRY —= mm (no

o 1594 (6273 b ——— c 235 (8.ed o 2381 (83.73)

e 1041 41.00 f 851 (335 g 1492 5875 h _756 (9.7

i 246 (215 J 787 310

Figure 11. Vehicle Target Locations, Test CT-3
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TEST #: CT-4
TARGET GEOMETRY —= mm (no

o 952 (375 b -———- c 283 1125 ¢ 1032 40.625

e 95/8 (2273 £ 864 (34.0 g _ 1499 O30 h 733 (28.873

046 (215 j 743 922

Figure 12. Vehicle Target Locations, Test CT-4
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4.4 Data Acquisition Systems

4.4.1 Accelerometers

One triaxial piezoresistive accelerom eter system with a range of £200 g’s was used to
measure the acceleration in the longitudinal, lateral, and vertical directions at a sae rate of 10,000
Hz. The environm ental shock and vibration sensor/recorder system , Model EDR-4M6, was
developed by Instrumented Sensor Technology (IST) of Okem os, Michigan and includes t hree
differential channels as well as three single-ended channels. The EDR-4 was configured with 6 MB
of RAM memory and a 1,500 Hz lowpass filter. Computer software, “DynaMax 1 (DM-1)” and
“DADISP”, was used to analyze and plot the accelerometer data.

Another triaxial piezoresistive accelerometer system with a range of +£200 g’s was also used
to measure the acceleration in the longitudinal, lateral, and vertical directions a t a sample rate of
3,200 Hz. The environm ental shock and vibrati on sensor/recorder system, Model EDR-3, was
developed by Instrumental Sensor Technology (IST) of Okemos, Michigan. The EDR-3 was
configured with 256 kB of RAM m emory and a 1,120 Hz lowpass filter. Computer software,
“DynaMax 1 (DM-1)” and “DADIiSP”, was used to analyze and plot the accelerometer data.

4.4.2 Rate Transducers

An Analog Systems 3-axis rate transducer with a range of 1,200 degrees/sec in each of the
three directions (pitch, roll, and yaw) was used to measure the rates of motion of the test vehicle.
The rate transducer was mounted inside the body of the EDR-4M6 and recorded data at 10,000 Hz
to a second data acquisition board inside theEDR-4M6 housing. The raw data measurements were
then downloaded, converted to the appropriate Eu ler angles for analysis, and plotted. Computer

software, "DynaMax 1" and "DADIiSP," was used to analyze and plot the rate transducer data.
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4.4.3 High-Speed Photography

For test CT-1, two high-speed 16-mm Red Lake Locam cameras, with operating speed of
approximately 500 frames/sec, were used to film the crash test. Five high-speed Red Lake E/cam
video cameras, all with operating speeds of 500 frames/sec, were also used to film the crash test.
Five Canon digital video cameras, with a standard operating speed of 29.97 frames/sec, were also
used to film the crash test. Camera details and a schematic of all twelve camera locations for test
CT-1 is shown in Figure 13.

For test CT-2, three high-speed 16-mm Red Lake Locam cameras, with operating speed of
approximately 500 frames/sec, were used to film the crash test. Five high-speed Red Lake E/cam
video cameras, all with operating speeds of 500 frames/sec, were also used to film the crash test.
Five Canon digital video cameras, with a standard operating speed of 29.97 frames/sec, were also
used to film the crash test. Camera details and a schematic of all thirteen camera locations for test
CT-2 is shown in Figure 14.

For test CT-3, two high-speed 16-mm Red Lake Locam cameras, with operating speed of
approximately 500 frames/sec, were used to film the crash test. One high-speed Photron video
camera and three high-speed Red Lake E/cam vi deo cameras, all with operating speeds of 500
frames/sec, were also used to film the crash test. Six Canon digital video cameras, with a standard
operating speed of 29.97 fram es/sec, were also used to film the crash test. Camera details and a
schematic of all twelve camera locations for test CT-3 is shown in Figure 15.

For test CT-4, two high-speed Photron video cameras, two high-speed AOS VITcamvideo
cameras, and two high-speed Red Lake E/cam video cameras, all with operating speeds of 500

frames/sec, were used to film the crash test. Seven Canon digital video cam eras, with a standard

27



operating speed of 29.97 fr ames/sec were also used to film the crash test. Cam era details and a
schematic of all thirteen camera locations for test CT-4 is shown in Figure 16. The Locam films,
Photron and AOS videos, and E/cam videos were analyzed using the Vanguard Motion Analyzer,
ImageExpress MotionPlus software, and Redlake Motion Scope software, re  spectively. Actual
camera speed and camera divergence factors were consdered in the analysisof the high-speed film
and videos.

4.4.4 Pressure Tape Switches

For tests CT-1, CT-2, CT-3 and CT-4, five pressure-activated tape switches, spaced at 2-m
(6.56-ft) intervals, were used to determine the speed of the vehicle beforeimpact. Each tape switch
fired a strobe light which sent an electronic timing signal to the data acquisition systemas the left-
front tire of the test vehicle passed over it. Testehicle speed was determined from electronic timing
mark data recorded using Test Point software. Strobe lights and high-speed film analysis are used
only as a backup in the event that vehicle speed cannot be determined from the electronic data.

4.4.5 End Terminal Instrumentation

Electronic sensors were places near the terminal anchor of the three-cable guardrail system
for test CT-1 only. The types of sensors used for the crash test were load cells are descr  ibed
following.

4.4.5.1 Load Cells

Six load cells were installed along t he three-cable guardrail system. The load cells were
positioned in line and at both ends of the three individual cables to measure the forces transferred
to the end terminal anchors. The positioning of the load cells is shown in Figure 17.

The load cells were Transducer Techniques TLL-50K load cells with a load range up to
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222.4 kN (50,000 Ibs). During the test, output voltage signals from the string potentiometers were
sent to a Keithly Me trabyte DAS-1802HC data ac quisition board, acquired with Test Point, and

stored permanently on the computer. The sample rate of the load cells was 10,000 sam ples per

second (10,000 Hz).
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Figure 13. Location of Cameras, Test CT-1
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Figure 14. Location of Cameras, Test CT-2
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E/CAM #7
LoCAM #1
DIGITAL VIDEO #1

Figure 15. Location of Cameras, Test CT-3
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! DV #3 (Panning)

OVERHEAD
18.2 m [83"] to ground
[L‘;?_;J] PHOTRON #2 — 12.5 mm 25 m
DIGITAL VIDEO #2 [8'—47]
PHOTRON #3
A0S #2 L !! DIGITAL VIDEO #7
DIGITAL VIDEO 6 M 1918 17 16 15 14 13 12 1 10 E] 8 7 [ 5 4 3 2 f
12.4 m
[~ [40'-7
332 m
[109]
Camera and Lens Details
A0S #1 Sigma 28-70 232 m 14.3 m
AOS {2 Tamron 100-300 mm ©@300mm [76'=2"] [47']
ECAM #18 8 mm
PHOTRON #2 | Sony Silves @12.5 mm
DIGITAL VIDEQ #5

' TT 1 BN
A0S #1
DIGITAL VIDED #4
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Figure 17. Load Cell Configuration, Test CT-1
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5 DESIGN DETAILS - DESIGN NO. 1

The total length of the installation was 77.42 254 ft) and consisted of four mjor structural
components: (1) wire rope; (2) posts; (3) cable compensator assemblies, and (4) anchor assenblies.
Design details are shown in Figures 17 through 21. The corresponding English-unit drawings are
shown in Appendix A. Photographs of the test installation are shown in Figures 22 through 24.

Three 19-mm (3/4-in.) diameter cables comprised of 3x7 wire rope were used for the rail
elements. The cable rails were supported by nineten posts with an upper cable nounting height of
762 mm (30 in.), a middle mounting height of 686 mm (27 in.), and a lower nounting height of 610
mm (24 in.), as shown in Figuresl8, 20, and 22. The cables were tigh¢ned through the use of cable
compensators, as shown in Figure 24. The ends of the cable were threaded rods that terminated in
the cable anchor. The threaded rods were attached to the cable anchor by thr  ee 51-mm (2-in.)
diameter galvanized washers and two 19-mm (0.75-in.) diameter galvanized Grade 5 heavy hex nuts.

The anchor bracket posts, post nos. 1 and 19, were 2,438-mm (96-in.) long W 152x37.2
(W6x25) sections witha 610-m m x 610-m m (24-in. x 24-in.) soil pl ate welded along the
downstream flange of the post. The anchor post was embedded to a depth of 2,438 mm (96 in.), as
shown in Figures 18 and 20. A 368-mm x 229-mm x 13-mm (14.5-in. x 9-in. x 0.5-in.) plate was
welded to the top ofthe anchor post to which the cable anchor bracket was bolted with four 19-mm
diameter x 64 -mm long (0.75-in. x 2.5-in.) Grade 5 hex head bolts.

Post nos. 2 and 18 were configured with S76x8.5 (S3x5.7) sections neasuring 838 mm (33
in.) long for the slip post and W 52x13.4 (W6x9) sections measuring 1,829 mm (72 in.) long for the
foundation posts. The foundation post was embedded to a depth of 1,778 mm (70 in.). A slip base

plate was welded to the bottomof the slip post ad the top of the foundation post, as shown in Figure
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23. Four 13-mm diameter x 51-mm long (0.5-in. x 2-in.) ASTM A307 bolts with nuts and washers
were used to form the slip base configuration.

The line posts, post nos. 3 through 17, consisted of 1,600-m  m (63-in.) long, S76x8.5
(S3x5.7) sections, with a 762-nm (30-in.) embedment depth and a 203-nm x 610-mm x 6-mm (8-in.
X 24-in. x 1/4-in.) soil plate welded along the back flange of thepost, as shown in Figure 19. These
line posts were spaced 4,877 mm (16 ft) on center with a soil embedment depth of 762 mm (30 in.).
The top cable hook was located 89 nm (3.5 in.) down f rom the top of the post with the middle and

lower cable hooks 165 mm and 241 mm (6.5 in. and 9.5 in.) from the top of the post, respectively.
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Figure 22. System Layout, Design No. 1
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Figure 22. Line Post Details, Design No. 1
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6 CRASH TEST NO. 1
6.1 Test CT-1 (Test Designation 3-35)

The 2,017-kg (4,448-1b) pickup truck impacted the cable guardrail end terminal system at
post no. 3 with a speed of 101.8 km/h (63.3 mph) and at an angle of 20.7 degrees. A summary of the
test results and sequential photographs are shown in Figure 25. The summary of the test results and
sequential photographs in English units are shown in Appendix B. Additional sequential
photographs are shown in Figures 26 and 27. Documentary photographs of the crash test are shown
in Figures 28 and 29.

6.2 Test Description

Impact occurred at post no. 3, as shown in Figure 30. At 0.062 sec after impact, the top and
middle cables deformed the left-front corner of the hood. At 0.084 sec, the bottom cable was
positioned above the bumper. At 0.154 sec, the truck contacted post no. 4. At 0.192 sec, the truck
began to redirect. At 0.270 sec, the left-front fender deformed downward from the cable tension. At
0.338 sec, the truck contacted post no. 5. At 0.378 sec, the right end of the bumper contacted post
no. 6. By 0.450 sec, the entire truck was positioned behind the line of posts. At this same time, the
middle and bottom cables were positioned under the rear bumper, and the right-rear tire contacted
the top of post no. 4. At 0.509 sec, the truck became parallel to the system with a resultant velocity
of 93.6 km/h (58.2 mph). At 0.570 sec, the truck rolled slightly towards the right side. At 0.673 sec,
the right side of the bumper contacted post no. 7, and the truck exhibited roll toward the left side.
At this same time, the right-rear tire traversed over the top of post no. 5, and the left-side headlight
housing fractured. At 0.798 sec, the right-front tire traversed over post no. 7. At 0.989 sec, the truck

contacted post no. 8. At 1.331 sec, the front of the truck exited the system. The truck exited the

46



system at 1.630 sec, with a resultant velocity of 96.0 km/h (59.6 mph) and at an angle of 4 degrees.
The vehicle came to rest 141.5 m (464 ft - 1 in.) downstream from impact and 10.0 m (32 ft-9in.)
laterally from the traffic-side face of the barrier. The trajectory and final position of the pickup truck
are shown in Figures 25 and 31.

6.3 Barrier Damage

Damage to the cable guardrail end terminal was moderate, as shown in Figures 32 through
36. Barrier damage consisted of contact marks on posts, deformed line posts, disengaged cable, and
deformed cable hooks. The length of vehicle contact along the cable system was approximately 39.3
m (128 ft - 11 in.), which spanned from post no. 3 through post no. 8.

Post no. 1 rotated and deflected downstream. However, the cable anchor bracket, cable
release lever, and cable fittings were undamaged. The center of the soil plate on post no. 2 was bent.
Post no. 2 rotated causing damage to the upstream traffic-side slip bolt and washer. The slip plate
welds on the traffic and back sides of post no. 2 were torn. Post no. 3 bent downstream and twisted
in the soil. Post no. 4 also bent but twisted at the ground line. Heavy contact marks were found on
the upstream-back flange which were 51 mm (2 in.) long and 32 mm (1.2-in.) long. Post no. 4 had
contact marks on the front flange and gouges along the top 203 mm (8 in.) of the post. Post no. 5
bent and twisted 90 degrees with contact marks on the front face. Post no. 6 twisted slightly and bent
downstream with cable marks on the front face of the post. Post nos. 7 through 9 bent downstream
about the weak axis. Post no. 8 encountered heavy contact marks on the upstream front flange.
Minor contact marks were evident on post no. 9. Post nos. 10 through 17 remained undamaged, but
rotated slightly upstream towards impact. Post no. 18 encountered slight bending at the base and

damage to the soil plate, as shown in Figure 36.
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The top and middle hook bolts disengaged from post no. 4. All three hook bolts on post nos.
5 through 9 were deformed and damaged, but remained attached to the posts. The hook bolts on post
nos. 3 and 10 through 17 remained undamaged and attached to the posts. The cables disengaged
from post nos. 4 through 9.

The maximum lateral permanent post deflection was 622 mm (24.5 in.) at the centerline of
the top of post no. 4, as measured in the field. The maximum lateral dynamic post deflection was
651 mm (25.625 in.) at the centerline of post no. 5, as determined from high-speed digital video
analysis. The working width of the system was 2,136 mm (84.1 in.).

6.4 Vehicle Damage

Exterior vehicle damage was minimal, as shown in Figures 37 through 40. Occupant
compartment deformations to the left side and center of the floorboard were judged insufficient to
cause serious injury to the vehicle occupants. The maximum lateral deformation was measured to
be 13 mm (0.5 in.) at the center of the left-side dashboard. The maximum longitudinal and vertical
deformations were measured to be 6 mm (0.25 in.) distributed throughout the floor pan. Complete
occupant compartment deformations and the corresponding locations are provided in Appendix C.

Damage was concentrated on the left-front corner and left and right sides of the truck.
Scrapes, gouges, and contact marks were found along the entire right and left sides of the vehicle.
Contact marks were found on all four tires, and the right-front tire was deflated. The right-rear
quarter panel was dented and scraped. A dent was found on the left side of the bumper. The grill and
headlights were broken. The back side, roof, undercarriage, and all window glass remained
undamaged.

6.5 Occupant Risk Values

The longitudinal and lateral occupant impact velocities were determined to be 1.84 m/s (6.04
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ft/s) and 2.88 m/s (9.46 ft/s), respectively. The maximum 0.010-sec average occupant ridedown
decelerations in the longitudinal and lateral directions were 4.55 g’s and 7.00 g’s, respectively. It
is noted that the occupant impact velocities (OIV) and occupant ridedown decelerations (ORD) were
well within the suggested limits provided in NCHRP Report No. 350. The results of the occupant
risk, as determined from the accelerometer data, are summarized in Figure 25 and are shown
graphically in Appendix D. The results from the rate transducer are also shown graphically in
Appendix D.

6.6 Load Cell and String Potentiometer Results

The forces transferred to the upstream end anchor as well as and the corresponding anchor
displacements provided a measure for the effectiveness of the driven steel post anchor. As
previously discussed, load cells were installed parallel to each cable and at both ends of the system
to monitor the loads transferred to the anchor through the cables. The results of the load cell data
is summarized in Table 3.

The recorded data for both sensor types is shown in Figures 41 through 45. The total cable
load was summed and plotted, as shown in Figures 41 and 42. As expected, the upstream anchor
experienced a larger load than the downstream anchor, due to vehicle friction with the cables during
impact. The maximum forces acting on the upstream and downstream anchors were 127.2 kN (28.60
kips) and 100.3 kN (22.55 kips), respectively. The dissection of the total cable loading to the
contribution of each individual cable is shown in Figures 43 through 45. The load pattern for the top
cable mimics that of the total load. The upstream anchor experienced a maximum load of 53.1 kN
(11.93 kips) and the downstream anchor experienced a maximum load of 40.0 kN (9.00 kips) by the

top cable. The middle cable also followed the expected pattern, with the upstream anchor sustaining
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a higher force than the downstream anchor. The maximum forces acting on the upstream and
downstream anchors by the middle cable were 42.7 kKN (9.60 kips) and 34.2 kN (7.68 kips),
respectively. The bottom cable also illustrated the expected behavior, resulting in a higher force at
the upstream anchor. The resultant force applied to the upstream and downstream anchors by the

bottom cable were determined to be 37.4 kN (8.42 kips) and 33.1 kKN (7.44 kips), respectively.

Table 3. Load Cell Results, Test CT-1

Maximum Cable Load | Time
Load Type Location KN Kips sec
Maximum Upstream 127.2 28.60 0.48
Combined Cable

L oad Downstream 100.3 22.55 0.49
Maximum Load Upstream 53.1 11.93 0.61
inTop Cable " po\ynstream | 40.0 9.00 | 0.49
Maximum Load Upstream 42.7 9.60 0.48
in Middle Cable ["noynstream | 34.2 768 | 047
Maximum Load Upstream 37.4 8.42 0.48
in Bottom Cable |ry\ynstream | 33.1 744 | 047

6.7 Discussion

The analysis of the test results for test no. CT-1 showed that the cable guardrail end terminal
adequately contained and redirected a 2000P vehicle with controlled lateral displacements of the
barrier system. There were no detached elements nor fragments which showed potential for
penetrating the occupant compartment nor presented undue hazard to other traffic. Deformations of,
or intrusion into, the occupant compartment that could have caused serious injury did not occur. The

test vehicle did not penetrate nor ride over the barrier system and remained upright during and after
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the collision. Vehicle roll, pitch, and yaw angular displacements were noted, but they were deemed
acceptable because they did not adversely influence occupant risk safety criteria nor cause rollover.
After collision, the vehicle’s trajectory did not intrude into adjacent traffic lanes. In addition, the
vehicle’s exitangle was less than 60 percent of the impact angle. Therefore, test no. CT-1 conducted
on the cable guardrail end terminal system was determined to be acceptable according to the TL-3

safety performance criteria of test designation no. 3-35 found in NCHRP Report No. 350.

51



¢S

0.000 sec

20. 7" yua e

0.241 sec

0.337 sec

d 1 2z 3 15 1% LARLEL] T
e 10.0 m
141.5 m |
[ ]
TeStAQENCY . ..ot MwRSF
® TestNumber .......................... CT-1 Exit Conditions
® Date ........... .. . 713/2002 Speed ____________________
® NCHRP 350 Test Designation............. 3-35 Angle ...
® Appurtenance . ........................ Cable Guardrail End Terminal Exit Box Criterion .. ........
e Total Length O 77.42 m POSt_|mpact Trajectory
® Key Elements - Wire Rope Vehicle Stability ...........
Diameter ........... ... . ... ... 19 mm Stopp|ng Distance ..........
Specifications . ............. ... ... 7x19
TOp Mountlng HEIght ............... 762 mm Occupant |mpact Velocity
Spacing ... 76 mm Longitudinal

® Key Elements - End Anchor Posts
PostNos.land19 ..................
PostNos.2and 18 ..................

® Key Elements - Line Post
Post Nos. 3-17
Post Spacing

® Test Vehicle
Type/Designation ...................
Make and Model ...................
Curb .o
Test Inertial
Gross Static

® [mpact Conditions
Speed ...
Angle ... ..
Impact Location

W152x37.2 by 2,438 mm long
S76x8.5 by 762 mm long with
W152x13.4 by 1,829 mm long

S76x8.5 by 1,600 mm long
4,877 mm

1996 GMC 2500 3/4-ton pickup
1,979 kg
2,018 kg
2,018 kg

101.8 km/h
20.7 degrees
Centerline of Post No. 3

Lateral (not required)
Occupant Ridedown Deceleration
Longitudinal
Lateral (not required)
Test Article Damage ............
Test Article Deflections
PermanentSet .............
Dynamic
Working Width ............
Vehicle Damage ...............
VDS
CDC® ... i
Maximum Deformation . . . ...

Figure 25. Summary of Test Results and Sequential Photographs, Test No. CT-1

0.509 sec

FEmm —

FEmm —

7Emm—

96.0 km/h
4 degrees
Pass

Satisfactory
141.5 m downstream
10.0 m traffic-side face

1.84 m/s <12 m/s
2.88 m/s <12 m/s

45509’s<204g’s
7.009’s<204g’s
Moderate

654 mm

2,136 mm

Minimal
11-LFQ-2/11-LD-2
11-LDES3

6 mm

ahi

B13mm

787mm




Pivatl

0.824 sec 0.498 sec
Figure 26. Additional Sequential Photographs, Test CT-1
53



0.000 sec 0.000 sec

TR R

0.100 sec 0.167 sec

0.334 sec

0.334 sec 0.601 sec

0.434 sec 0.801 sec

0.934 sec
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Figure 28. Documentary Photographs, Test CT-1
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Figure 29. Documentary Photographs, Test CT-1
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Figure 30. Impact Location, Test CT-1



Figure 31. Vehicle Trajectory and Final Position, Test CT-1
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Figure 32. System Damage, Test CT-1
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Figure 33. Upstream Anchor Post Damage, Test CT-1



Figure 32. Post Nos. 2 and 3 Damage, Test CT-1
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Figure 33. Post Nos. 4 and 5 Damage, Test CT-1
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Figure 34.

Post Nos. 6 and 7 Damage, Test CT-1
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Figure 35. Post Nos. 8 and 9 Damage, Test CT-1
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Figure 36. Post No.

18 Damage, Test CT-1
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Figure 37. Vehicle Damage, Test CT-1
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Figure 38. Vehicle Damage, Test CT-1



Figure 39. Right-Rear and Right-Front Tire Damage, Test CT-1
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Figure 40. Occupant Compartment Damage, Test CT-1
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7 CRASH TEST NO. 2
7.1 Test CT-2 (Test Designation No. 3-30)

The 891-kg (1,965-Ib) small car impacted the end of the cable guardrail end terminal system
at a speed of 100.0 km/h (62.1 mph) and at an angle of 1.5 degrees. A summary of the test results
and sequential photographs are shown in Figure 46. The summary of the test results and sequential
photographs in English units are shown in Appendix B. Additional sequential photographs are
shown in Figures 47 and 48. Documentary photographs of the crash test are shown in Figures 49 and
50.

7.2 Test Description

Impact occurred head-on with the right-side quarter point of the vehicle impacting at the
centerline of post no. 1, as shown in Figure 58. At 0.008 sec, the cable release lever rotated
downstream and released the three cables. At 0.030 sec, the front tires of the vehicle passed over the
cable anchor bracket. At 0.054 sec, the front bumper of the vehicle contacted post no. 2. At 0.060
sec, the slip base of post no. 2 engaged. At 0.074 sec, the front tires passed the original position of
post no. 2. At 0.118 sec, the vehicle pitched forward, and the vehicle’s undercarriage contacted the
foundation post of post no. 2. At 0.132 sec, post no. 2 moved toward the right side of the vehicle
while in contact with the front bumper. At 0.166 sec, the vehicle contacted post no. 3 and yawed
counterclockwise. At this same time, the cable release lever dug into the ground and was forced
under the vehicle. At 0.184 sec, the vehicle rolled counter-clockwise toward the left side. At 0.195
sec, the vehicle traversed over post no. 3. Post no. 2 remained positioned on the bumper until
approximately 0.223 sec. At this same time, the cables accumulated on the right side of the vehicle

as the vehicle yawed clockwise, and the right-front tire became airborne. At 0.300 sec, the right-rear
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tire became airborne, and the vehicle continued rolling counter-clockwise toward the left side. At
0.755 sec, all tires became airborne. At 1.101 sec, the vehicle rolled onto its left side and contacted
the ground with the left-front corner of the roof. At 1.312 sec, the vehicle rolled over such that the
hood and the front of the roof contacted the ground. At 1.518 sec, the vehicle became airborne again.
At 1.879 sec, the left-rear corner of the vehicle contacted the ground, and the windshield disengaged
from the vehicle. The vehicle continued to roll end-over-end until it came to rest at 5.960 sec. The
vehicle came to rest 64.2 m (210 ft - 8in.) downstream and 1.7 m (5 ft - 7in.) laterally behind the
traffic-side face of the barrier. The trajectory and final position of the small car are shown in Figure
46 and 52.
7.3 Barrier Damage

Damage to the cable guardrail end terminal was moderate, as shown in Figures 53 through
61. Barrier damage consisted of contact marks on posts, deformed line posts, disengaged cable, and
deformed cable hooks. The length of vehicle contact along the cable system was approximately 28.9
m (94 ft - 10 in.) downstream, which spanned from post no. 1 through post no. 8.

The cable release lever at post no. 1 was dented, scratched, and disengaged from the system.
The cable release lever was located 3.05 m (10 ft) downstream of post no. 8 and 3.35 m (11 ft)
laterally away from the traffic-side face of the system. Minor scratching and scraping around the bolt
locations was found on post no. 2. Minor buckling and flange twisting was found on the top section
of post no. 2. The top section of post no. 2 was located 0.91 m (3 ft) upstream from post no. 8 and
6.10 m (20 ft) laterally away from the traffic-side face of the system. Post nos. 3 through 8 rotated
downstream in the soil and bent about the weak axis. However, post nos. 6 and 7 were bent nearly

to the ground. Heavy contact marks were visible on the upstream flanges of post nos. 3 through 7.
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The remainder of the downstream posts showed no evidence of movement nor damage.

All of the hook bolts on post nos. 3 through 8 were deformed, but remained attached to the
posts. All three cables disengaged from post nos. 3 through 7, except the bottom cable remained
attached to post no. 5. The threaded cable end fittings were fractured at the nut locations.

7.4 Vehicle Damage

Exterior and interior damage was extensive, as shown in Figures 62 and 63. Most of the
damage that occurred was due to the multiple rollovers of the vehicle. It should be noted that it was
impossible to distinguish the damage due to the impact from that due to the rollover.

7.5 Occupant Risk Values

The longitudinal and lateral occupant impact velocities were determined to be 2.99 m/s (9.80
ft/s) and -0.12 m/sec (-0.39 ft/s), respectively. The maximum 0.010-sec average occupant ridedown
decelerations in the longitudinal and lateral directions were 5.37 g’s and 3.99 g’s, respectively. It
is noted that the occupant impact velocities (OlVs) and occupant ridedown decelerations (ORDs)
were within the suggested limits provided in NCHRP Report No. 350. The results of the occupant
risk, as determined from the accelerometer data, are summarized in Figure 46, and results are shown
graphically in Appendix E. The results from the rate transducer are also shown graphically in
Appendix E.

7.6 Discussion

The analysis of the test results for test no. CT-2 showed that the cable guardrail end terminal
system did not contain nor redirect the 820C vehicle, since the vehicle did not remain upright after
collision with the barrier. There were detached elements which showed potential for penetrating the

occupant compartment. Deformations of, or intrusion into, the occupant compartment that could
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have caused serious injury did occur with the deformation of the vehicle’s roof and penetration of
the floorboard. After collision, the vehicle’s trajectory did not intrude into adjacent traffic lanes. Test
no. CT-2 was determined to be unacceptable according to the TL-3 safety performance criteria of

test designation no. 3-30 found in NCHRP Report No. 350 due to vehicle rollover.
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Figure 46. Summary of Test Results and Sequential Photographs, Test No. CT-2
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Figure 47. Additional Sequential Photographs, Test CT-2
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Figure 48. Additional Sequential Photographs, Test CT-2
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Figure 49. Documentary Photographs, Test CT-2
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Figure 50. Documentary Photographs, Test CT-2
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Figure 51. Impact Location, Test CT-2




Figure 52. Vehicle Final Position and Trajectory Marks, Test CT-2




Figure 53. System Damage, Test CT-2




Figure 54. Post Nos. 1 and 2 Damage, Test CT-2
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Figure 55. Post Nos. 3 and 4 Damage, Test CT-2
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Figure 56. Post Nos. 5 and 6 Damage, Test CT-2



Figure 57. Post Nos. 7 and 8 Damage, Test CT-2




Figure 58. Cable Release Lever Damage, Test CT-2
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Figure 59. Cable Damage, Test CT-2
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Figure 60. Threaded Rod Damage, Test CT-2
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Figure 61. Cable Turnbuckle and Compensator Damage, Test CT-2
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Figure 62. Vehicle Damage, Test CT-2



Figure 63. Occupant Compartment Deformation, Test CT-2
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8 DESIGN MODIFICATION DETAILS - DESIGN NO. 2

Following the unsuccessful performance of test no. CT-2, modifications were made to the
system in an attempt to improve impact performance. After reviewing the high-speed videos and
photographs, the cable release lever was determined to be responsible for the occupant compartment
penetration in the floorpan and rear. As the vehicle passed over the cable release lever it became
lodged between the ground and the floorpan of the vehicle, causing the vehicle to be propelled
upward, and subsequently rolling over. It was then determined that retaining the cable release lever
would be prudent, and therefore, in the modified system, a cable was used to retain the cable release
lever attached to the anchor bracket. The 9.5-mm (0.375-in.) diameter, 7x19 galvanized aircraft
cable was 813 mm (32 in.) long.

System design no. 2 was 77.42 m (254 ft) and consisted of four major structural components:
(1) wire rope; (2) posts; (3) cable compensator assemblies; and (4) anchor assemblies. The design
details of the modified cable terminal system are shown in Figure 64. The complete sets of system
drawings, along with the corresponding English-unit drawings, are shown in Appendix F.

Photographs of the modifications are shown in Figure 65.
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Figure 65. Cable to Keep Cable Release Lever Attached to System, Design No. 2
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9 CRASH TEST NO. 3
9.1 Test CT-3 (Test Designation No. 3-30)

The 885-kg (1,952-1b) small car impacted the end of the cable guardrail end terminal system
at a speed of 98.8 km/h (61.4 mph) and at an angle of 0.1 degrees. A summary of the test results and
sequential photographs are shown in Figure 66. The summary of the test results and sequential
photographs in English units are shown in Appendix B. Additional sequential photographs are shown
in Figures 67 through 69. Documentary photographs of the crash test are shown in Figures 70 and
71.

9.2 Test Description

Vehicle impact occurred head-on with the right-side quarter-point of the vehicle impacting
the centerline of post no. 1, as shown in Figure 87. Immediately after impact, the cables released from
the cable anchor bracket. At 0.038 sec after impact, post no. 2 deflected downstream with the cables.
At 0.054 sec, the right-front side of the bumper contacted post no. 2. At 0.066 sec, post no. 2
disengaged from the slip base, but remained in contact with the vehicle. At 0.112 sec, post no. 2
rotated over the bumper of the vehicle and slid along the hood. At 0.148 sec, the cables accumulated
around the front bumper. At 0.159 sec, post no. 3 deflected and deformed toward the right side of the
vehicle. At 0.176 sec, the vehicle contacted post no. 3, and the top cable slid over the hood and onto
the windshield. At 0.220 sec, the cable compensator contacted the right side of the windshield. At
0.260 sec, spider-web cracking and an indentation appeared in the windshield. At this same time, the
vehicle yawed due to contact with post no. 3. At 0.376 sec, the vehicle contacted post no. 4 near the
center of the front bumper and rolled towards its left side. At 0.408 sec, post no. 4 deflected

downstream while in contact with the bumper. At 0.560 sec, the vehicle continued to roll towards its
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left side, and the right side tires were airborne. At 0.574 sec, the vehicle contacted post no. 5. At
0.844 sec, the left-front corner of the bumper contacted post no. 6. At 1.186 sec, the vehicle rolled
onto its left side as it yawed clockwise. At 1.608 sec, the vehicle had rolled onto its hood and roof.
At 2.026 sec, the right-rear corner of the bumper contacted the ground as the vehicle pitched forward.
At 2.236 sec, the vehicle became airborne and subsequently rolled three complete revolutions and
came to rest at approximately 4.200 sec. The vehicle came to rest 47.36 m (157 ft - 3 in.) downstream
from impactand 5.72 m (18 ft - 9 in.) laterally from the traffic-side face of the barrier. The trajectory
and final position of the small car are shown in Figures 66 and 73.

9.3 Barrier Damage

Damage to the cable guardrail end terminal was moderate, as shown in Figures 74 through
81. Barrier damage consisted of contact marks on posts, deformed line posts, disengaged cable and
deformed cable hooks. The length of vehicle contact along the cable system was approximately 24.0
m (78 ft - 8 in.), which spanned from post no. 1 through post no. 7.

Minor scrapes were found around the edge of the anchor bracket keeper plate. The brass
keeper rod was deformed. The cable release lever disengaged from the system. The upstream and
traffic-side edges of the bearing strut of post no. 2 was damaged. The top portion of post no. 2
disengaged from the system, and contact marks were found on this portion of the post. Post no. 3 was
bent downstream with very little rotation and twisting. Contact marks and scrapes were found on the
upstream edge of the traffic-side and backside flanges. Post no. 4 bent downstream and encountered
contact marks and gouges along the upstream edges of the traffic-side and backside flanges. Post no.
5 was bent downstream with little twisting and rotation. Post no. 6 bent to almost in contact with the

ground and rotated backwards in the soil slightly. Post no. 7 was bent downstream, although not as

101



severe as post nos. 3 through 6. The remainder of the downstream posts showed no evidence of
movement nor damage.

All twelve hook bolts on post nos. 3 through 6 were deformed but remained attached to the
posts. All three cables disengaged from post nos. 3 through 6, except the bottom cable remained
attached to post no. 5.

9.4 Vehicle Damage

Exterior and interior vehicle damage was extensive, as shown in Figures 82 through 84. It
should be noted that it was almost impossible to distinguish the damage due to impact from that due
to the rollovers.

The oil pan was deformed and gouged with one rectangular mark 51 mm (2 in.) wide which
extended for the entire length of the pan and one circular contact mark on the right-side edge of the
pan. Additional contact marks and deformations occurred beginning at the oil pan and continuing to
the lower face of the right-side control arm. Lighter contact marks were found 305 mm (12 in.)
behind the marks on the right-side control arm.

9.5 Occupant Risk Values

The longitudinal and lateral occupant impact velocities were determined to be 3.36 m/s (11.03
ft/s) and -0.22 m/s (-0.71 ft/s), respectively. The maximum 0.010-sec average occupant ridedown
decelerations in the longitudinal and lateral directions were 9.56 g’s and -13.72 g’s, respectively. It
is noted that the occupant impact velocities (OIVs) and occupant ridedown decelerations (ORDS)
were within the suggested limits provided in NCHRP Report No. 350. The results of the occupant
risk, as determined from the accelerometer data, are summarized in Figure 66. Results are shown
graphically in Appendix G. The results from the rate transducer are shown graphically in Appendix

G.
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9.6 Discussion

Interaction with the cable release lever which detached from the system and penetrated the
floorpan is believed to have induced vehicle rollover. Therefore, test no. CT-3 was determined to be
unacceptable according to the TL-3 safety performance criteria of test designation no. 3-30 found in

NCHRP Report No. 350 due to vehicle rollover.
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Figure 66. Summary of Test Results and Sequential Photographs, Test No. CT-3
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Figure 67. Additional Sequential Photographs, Test CT-3
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Figure 68. Additional Sequential Photographs, Test CT-3
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Figure 69. Additional Sequential Photographs, Test CT-3
107



Figure 70. Documentary Photographs, Test CT-3
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Figure 71. Documentary Photographs, Test CT-3
109



Figure 72. Impact Location, Test CT-3
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Figure 73. Vehicle Trajectory and Final Position, Test CT-3
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Figure 74. System Damage, Test CT-3
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Figure 75. System Damage, Test CT-3
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Figure 76. Post No. 1 and Cable Release Lever Damage, Test CT-3
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Figure 77. Post No. 2 Damage, Test CT-3
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Figure 79. Post Nos. 4 and 5 Damage, Test CT-3



Figure 80. Post Nos. 6 and 7 Damage, Test CT-3
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Figure 81. Downstream Anchorage Damage, Test CT-3
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Figure 82. Vehicle Damage, Test CT-3
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Figure 83. Vehicle Damage, Test CT-3
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Figure 84. Occupant Compartment Damage, Test CT-3
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10 DESIGN MODIFICATION DETAILS - DESIGN NO. 3

Following the unsuccessful performance of test no. CT-3, modifications were made to the
system in an attempt to improve the impact performance. After reviewing the high-speed videos, the
cable release mechanism performed just as designed by releasing the cables. However, after the
vehicle engaged the S76x8.5 (S3x5.7) posts downstream of the anchor, the front corner of the
vehicle became elevated, resulting in vehicle rollover.

Based on the unsatisfactory performance of the cable terminal and cable median systems,
an investigation into the weak axis performance of both the S-posts and M-posts was undertaken (9).
This investigation proved the capability of the S76x8.5 (S3x5.7) post to induce rollover. It was
determined that modifying the posts in the region of the terminal would potentially reduce the
observed vehicle instability.

Therefore, in the modified system, five of the line posts, post nos. 3 through 7, were changed
from standard S-posts to slip-base posts. System details are shown in Figures 85 through 91. The
complete set of system drawings along with the corresponding English-unit drawings are shown in
Appendix H. Photographs of the modified system are shown in Figures 92 through 93.

The slip base posts were configured with S76x8.5 (S3x5.7) sections measuring 762 mm (30
in.) long for the slip posts. The slip posts were mounted on foundation posts with W152x13.4
(W6x9) sections measuring 1,829 mm (72 in.) long. The foundation post was embedded to a depth
of 1,778 mm (70 in.). A slip base plate was welded to the bottom of the slip post and the top of the
foundation post, as shown in Figure 87. Four 13-mm diameter x 51-mm long (0.5-in. x 2-in.) ASTM
A307 bolts with nuts and washers were used to form the slip base configuration. The top cable hook

was located 89 mm (3.5 in.) down from the top of the post with the middle and lower cable hooks
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166 mm and 242 mm (6.5 in. and 9.5 in.) from the top of the post, respectively.

Once again, the system was 77.42 m (254 ft) and consisted of four major structural
components: (1) wire rope; (2) slip-base posts; (3) standard cable posts; (4) cable compensator
assemblies; and (5) anchor assemblies. The upper, middle, and lower cables were located 762 mm,
686 mm, and 610 mm (30 in., 27 in., and 24 in.) from the ground, respectively. The line posts were

spaced 4,877 mm (16 ft) on center.
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Figure 92. System Layout, Design No. 3
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11 CRASH TEST NO. 4
11.1 Test CT-4 (Test Designation 3-30)

The 890-kg (1,961-Ib) small car impacted the cable guardrail end terminal system at a speed
of 98.3 km/h (61.1 mph) and at an angle of 0.1 degrees. A summary of the test results and sequential
photographs are shown in Figure 94. The summary of the test results and sequential photographs in
English units are shown in Appendix B. Additional sequential photographs are shown in Figures 95
through 97. Documentary photographs of the crash test are shown in Figures 98 and 99.

11.2 Test Description

Vehicle impact occurred head-on with the right-side quarter-point of the vehicle impacting
post no. 1, as shown in Figure 100. At 0.016 sec after impact, the cable release lever rotated
downstream with the cables deformed around the front edge of the hood. At 0.046 sec, the vehicle
contacted post no. 2 with the cables deformed around the front of the vehicle. At 0.072 sec, post no.
2 released from the slip base. At 0.114 sec, the vehicle yawed clockwise as the vehicle continued
forward. At this same time, the top cable wrapped around the top of the hood. At 0.168 sec, the
vehicle contacted post no. 3. At 0.230 sec, the cable compensators slid along the vehicle’s hood. At
this same time, post no. 3 released from the slip base. At 0.250 sec, the right-rear corner of the
vehicle pitched upward. At 0.320 sec, the top cable rose to a height above the vehicle. At 0.342 sec,
the top cable compensator was positioned over the roof of the vehicle, and the cables accumulated
at the front of the vehicle. At this same time, the right-rear tire became airborne. At 0.372 sec, the
vehicle contacted post no. 4, and the cable release lever dug into the ground behind the test vehicle.
At 0.388 sec, post no. 4 released from the slip base. At 0.402 sec, the grill disengaged. At 0.420 sec,

the cables continued to accumulate in front of the vehicle with the top cable compensator positioned
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near the right-side window. At 0.548 sec, the vehicle yawed clockwise to approximately 45 degrees
relative to the system and continued downstream. At 0.600 sec, the vehicle contacted post no. 5,
which released. At 0.658 sec, the top cable contacted the roof and the top of the windshield. At0.784
sec, the car yawed to a position nearly perpendicular to the system and slid downstream. At this
same time, the vehicle contacted post no. 6. At 0.944 sec, the vehicle impacted post no. 7. At 0.980
sec, the top cable compensator impacted the windshield. At 1.022 sec, the vehicle rolled counter-
clockwise, thus causing the right-rear tire to become airborne. At 1.054 sec, the right-front tire
became airborne, and the top cable rebounded off of the windshield. At 1.324 sec, the vehicle exited
system at a trajectory angle of 13 degrees and at a velocity of 74.6 km/h (46.4 mph). At 1.394 sec,
the top cable compensator slid down the hood of the vehicle. At 1.638 sec, the right-front quarter
panel contacted the ground. At 2.742 sec, the vehicle yawed again counter-clockwise such that the
front of the vehicle faced the traffic side of the barrier. At 3.088 sec, the right-side tires contacted
the ground. The vehicle came to rest 44.30 m (145 ft - 4 in.) downstream from impact and 8.23 m
(27 ft) laterally away from the traffic-side face of the barrier. The trajectory and final position of the
small car are shown in Figures 94 and 101.
11.3 Barrier Damage

Damage to the cable guardrail end terminal system was moderate, as shown in Figures 102
through 106. Barrier damage consisted of contact marks on posts, deformed and disengaged line
posts, disengaged cables, and deformed cable hooks. The length of vehicle contact along the cable
system was approximately 24.0 m (78 ft - 8 in.), which spanned from post no. 1 through post no. 7.

Minor scratches occurred around the washer locations on the cable anchor bracket and the

slip base plates of post nos. 3 through 6. The cable release lever disengaged from the system. The
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cable release lever’s retaining cable was fractured, thus allowing the cable release lever to be
removed from the anchor post. Deformation and chipping occurred around the upstream slots and
the top of the base plate at post no. 6.

Post nos. 3 through 5 were bent. The welds between post no. 7 and the slip plate fractured.
The slip plate of post no. 7 remained attached to the foundation portion of the post and was
deformed on the upstream edge. Post no. 2 came to rest 8.66 m (28 ft - 5 in.) downstream from its
original position and 0.89 m (2 ft - 11 in.) laterally away from the traffic-side face of the barrier.
Post no. 3 came to rest 22.83 m (74 ft - 11 in.) downstream from its original position and 76 mm (3
in.) laterally behind the barrier. Post no. 4 came to rest 17.35 m (56 ft - 11 in.) downstream from its
original position and 1.68 m (5 ft - 6 in.) laterally behind the barrier. Post no. 5 came to rest 10.90
m (35 ft - 9 in.) downstream from its original position and 1,092 mm (3 ft - 7 in.). Post no. 6 came
to rest 4.88 m (16 ft) downstream from its original position and 1,194 mm (3 ft - 11 in.) laterally
behind the barrier. Post no. 7 came to rest 940 mm (3 ft - 1 in.) downstream from its original position
and 762 mm (30 in.) laterally behind the barrier. The remainder of the downstream posts showed
no evidence of movement nor damage.

All the cable hooks on post nos. 3 through 7 were deformed but remained attached to the
posts. All three cables disengaged from post nos. 2 and 3. All three cables remained attached to post
no. 4 and all posts downstream of post no. 8. The top and middle cables remained attached to post
nos. 5 and 7, while the middle and bottom cables remained attached to post no. 6.

11.4 Vehicle Damage
Exterior vehicle damage was minimal, as shown in Figures 107 through 111. Occupant

compartment deformations to the right side and center of the floorboard were judged insufficient to
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cause serious injury to the vehicle occupants. Complete occupant compartment deformations and
the corresponding locations are provided in Appendix C.

Damage was concentrated on the front and left side of the vehicle. Minor cuts, scratches and
dents occurred to the front of the vehicle, the hood, the left-front door, and left-rear quarter panel.
The lower portion of the bumper and the right-side parking light were fractured. The hood was
dented inward towards the engine compartment. The right-side headlight protruded out from under
the hood. The left corner of the hood was deformed upward. The left-front quarter panel was
severely dented above and behind the left-front tire. The left-front door frame was bent such that the
upper-rear corner was separated from the vehicle. The beads of the left-front and right-front tires
were broken, and the tires deflated. The left-front and right-front steel rims were deformed. Dents
were found on the right-rear quarter panel and the right-side A-pillar. The right-front corner of the
quarter-panel was deformed inward.

The oil pan was punctured and gouged. The engine frame was dented and bent at the bumper
fracture. The alternator was pushed backward. Scratches and scrapes were found on the left-front
control arm. The left side of the steering control was bent and in contact with the sway bar. The
lower-left control arm was dented, and the sway bar was in contact with the exhaust pipe behind the
catalytic converter. Spider-web cracking occurred to the right side of the windshield. All door
window glass, the rear of the vehicle, the rear tires, and the roof remained undamaged.

11.5 Occupant Risk Values

The longitudinal and lateral occupant impact velocities were determined to be 3.48 m/s

(11.42 ft/s) and -0.77 m/s (-2.54 ft/s), respectively. The maximum 0.010-sec average occupant

ridedown decelerations in the longitudinal and lateral directions were 7.85 g’s and -3.48 g’s,
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respectively. It is noted that the occupant impact velocities (OIVs) and occupant ridedown
decelerations (ORDs) were within the suggested limits provided in NCHRP Report No. 350. The
results of the occupant risk, as determined from the accelerometer data, are summarized in Figure
94, and are shown graphically in Appendix I. The results from the rate transducer are also shown
graphically in Appendix I.
11.6 Discussion

The analysis of the test results for test no. CT-4 showed that the 820C vehicle was brought
to a safe stop. There were no detached elements nor fragments which showed potential for
penetrating the occupant compartment nor presented undue hazard to other traffic. Deformations of,
or intrusions into, the occupant compartment that could have caused serious injury did not occur.
The test vehicle remained upright during and after the collision. Vehicle roll, pitch, and yaw angular
displacements were noted, but they were deemed acceptable because they did not adversely
influence occupant risk safety criteria nor cause rollover. It should be noted that the vehicle achieved
a significant roll angle prior to coming to rest on its tires. After collision, the vehicle’s trajectory
intruded minimally into adjacent traffic lanes. Therefore, test no. CT-4 was determined to be
acceptable according to the TL-3 safety performance criteria of test designation no. 3-30 found in

NCHRP Report No. 350.
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Figure 95. Additional Sequential Photographs, Test CT-4
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Figure 96. Additional Sequential Photographs, Test CT-4
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Figure 97. Additional Sequential Photographs, Test CT-4
142



Figure 98. Documentary Photographs, Test CT-4
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Figure 99. Documentary Photographs, Test CT-4
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Figure 100. Impact Location, Test CT-4



Figure 101. Vehicle Trajectory and Final Position, Test CT-4
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Figure 102. System Damage, Test CT-4
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Figure 103. System Damage, Test CT-4

148



Figure 104. Post Nos. 1 through 3 Base Plate Damage, Test CT-4
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Figure 105. Post Nos. 4 through 7 Base Plate Damage, Test CT-4



Figure 106. Post Nos. 3 through 7 Damage, Test CT-4
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Figure 107. Vehicle Damage, Test CT-4
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Vehicle Damage, Test CT-4
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Figure 109. Windshield Damage, Test CT-4
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Figure 110. Undercarriage Damage, Test CT-4
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Figure 111. Occupant Compartment Damage, Test CT-4
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12 SUMMARY AND CONCLUSIONS

A cable guardrail end terminal for use with low-tension, cable guardrail systems was
developed and full-scale vehicle crash tested. The full-scale crash tests were performed according
to the TL-3 criteria found in NCHRP Report No. 350. The cable guardrail end terminal was designed
to be used as a tangent system and reduce the size and cost of the anchor block. A summary of the
safety performance evaluation is provided in Table 4.

The first crash test, test no. CT-1, a length-of-need test, was performed on the cable terminal
with a ¥-ton pickup truck. During the test, the pickup was safely contained and redirected.
Therefore, test no. CT-1 was determined to be acceptable according to test designation 3-35 of the
TL-3 safety performance criteria presented in NCHRP Report No. 350.

The second crash test, test no. CT-2, was performed with a small car impacting head-on into
the cable guardrail end terminal. The vehicle engaged the cable release lever which caused the
vehicle to pitch upward and subsequently rollover. Furthermore, the cable release lever penetrated
the occupant compartment. Therefore, test no. CT-2 was determined to be unacceptable according
to test designation 3-30 of the TL-3 safety performance criteria presented in NCHRP Report 350.

Following the unsuccessful performance, the system was modified to retain the cable release
lever to the anchor bracket. The third crash test, test no. CT-3, was performed with a small car
impacting head-on into the cable guardrail end terminal. After the vehicle engaged the S76x8.5
(S3x5.7) posts downstream of the anchor, the front corner of the vehicle became elevated, resulting
in vehicle rollover. Therefore, test no. CT-3 was also determined to be unacceptable according to
test designation 3-30 of the TL-3 safety performance criteria presented in NCHRP Report 350.

Following the unsatisfactory performance of the cable guardrail end terminal in test no.
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CT-3, an investigation determined that the S76x8.5 (S3x5.7) posts possess the capability to induce
vehicular rollover. Thus, the system was modified to include slip-base posts instead of the standard
S-posts for the line posts, post nos. 3 through 7. The fourth crash test, test no. CT-4, was performed
with a small car impacting head-on into the cable guardrail end terminal. Although the vehicle
exhibited a significant roll angle, the vehicle was safely redirected and brought to a controlled stop.
Test no. CT-4 was determined to be acceptable according to test designation 3-30 of the TL-3 safety
performance criteria presented in NCHRP Report No. 350.

Therefore, the cable guardrail end terminal system for use with low-tension, three-strand
cable guardrail has been determined to meet the TL-3 safety guidelines provided in NCHRP Report
No. 350.

It should be noted that the cable guardrail end terminal anchor used in test nos. CT-1 through
CT-4 incorporated the driven steel-post anchor design recommended in a previous cable anchor
evaluation study (10). All three cable anchors described in the study, a reduced-size reinforced
concrete block to replace the New York anchor block, a reinforced concrete shaft post, and a driven
steel post with soil plate, were deemed suitable for low-tension, cable guardrail applications. The
steel post design was implemented in the cable guardrail end terminal design, because previous
testing had shown that the steel post option was the weakest of the three anchor designs. It
performed acceptably when full-scale vehicle crash tested and significantly reduced the overall size
and cost of the anchor utilized in the cable guardrail end terminal design. Therefore, it was believed
that the other cable anchor designs would be acceptable for use in cable guardrail end terminal

systems. Details of the cable anchor designs are contained in the referenced report.
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Table 4. Summary of Safety Performance Evaluation Results

Evaluation Evaluation Criteria Test Test Test Test
Factors CT-1 CT-2 CT-3 | CT4
A. Testarticle should contain and redirect the vehicle; the vehicle should not penetrate, underride, or
. . . . S S NA NA NA
Structural override the installation although controlled lateral deflections of the test article is acceptable.
Adequacy | . Acceptable test article performance may be by redirection, controlled penetration, or controlled S U U S
stopping of the vehicle.
D. Detached elements, fragments or other debris from the test article should not penetrate or show
potential for penetrating the occupant compartment, or present an undue hazard to other traffic, s U U S
pedestrians, or personnel in a work zone. Deformations of, or intrusions into, the occupant
compartment that could cause serious injuries should not be permitted.
Occupant F.  The vehicle should remain upright during and after collision although moderate roll, pitching, and s U U S
Risk yawing are acceptable.
H. Longitudinal and lateral occupant impact velocities should fall below the preferred value of 9 m/s NA s S s
(29.53 ft/s) , or at least below the maximum allowable value of 12 m/s (39.37 ft/s).
. Longitudinal and lateral occupant ridedown accelerations should fall below the preferred value of NA s S S
15 Gs, or at least below the maximum allowable value of 20 Gs.
K. After collision it is preferable that the vehicle's trajectory not intrude into adjacent traffic lanes. S S S S
The occupant impact velocity in the longitudinal direction should not exceed 12 m/sec (39.37 ft/s),
. o o A S NA NA NA
Vehicle and the occupant ridedown acceleration in the longitudinal direction should not exceed 20 Gs.
Trajectory |\, The exit angle from the test article preferably should be less than 60 percent of test impact angle S NA NA NA
measured at time of vehicle loss of contact with test device.
N. Vehicle trajectory behind the test article is acceptable. NA S S S
NCHRP Report No. 350 Test Designation 3-34 3-30 3-30 3-30
S - Satisfactory M - Marginal

U - Unsatisfactory

NA - Not Available
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APPENDIX A
English-Unit System Details, Design No. 1

Figure A-1. System Details (English), Design No. 1

Figure A-2. End Anchorage Details (English), Design No. 1

Figure A-3. Support Post Assembly Details (English), Design No. 1
Figure A-4. Anchor Bracket and Line Post Details (English), Design No. 1
Figure A-5. Anchor Bracket and Line Post Details (English), Design No. 1
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APPENDIX B
Test Summary Sheets in English Units

Figure B-1. Summary of Test Results and Sequential Photographs (English), Test CT-1
Figure B-2. Summary of Test Results and Sequential Photographs (English), Test CT-2
Figure B-3. Summary of Test Results and Sequential Photographs (English), Test CT-3
Figure B-4. Summary of Test Results and Sequential Photographs (English), Test CT-4
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Figure B-1. Summary of Test Results and Sequential Photographs (English), Test No. CT-1
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0.132 sec

0.166 sec

0.000 sec 0.054 sec
2100 97
Left Rear Tirr\
I E— QA
\-Left Front Tire %
® TestAgency ................ ... MwRSF
® TestNumber .......................... CT-2
® Date ... 7/16/2002
® NCHRP 350 Test Designation ............ 3-30
® Appurtenance ...............eiiian. Cable Guardrail End Terminal
® TotalLength .......................... 254 ft
e Key Elements - Wire Rope
Diameter ... 0.75in.
Size ... 7x19
Top Mounting Height . ................ 30in.
SPaCing ... 3in.

® Key Elements - Cable Anchor Post
Post Nos. 1 and 19
Post Nos. 2 and 18

e Key Elements - Line Post
Post Nos. 3-17
PostSpacing ........................

® Test Vehicle
Type/Designation ....................
Make and Model
Curb
Testlnertial .........................
GrossStatic. ...

® Impact Conditions
Speed
Angle
Impact Location

W6x25 by 96 in. long
S3x5.7 by 30 in. long with
W6x9 by 72 in. long

S3x5.7 by 63 in. long
16 ft

820C

1995 Geo Metro
1,553 1b

1,799 Ib

1,965 Ib

62.1 mph
1.5 degrees
Centerline of Post No. 1

o - & 80T

Exit Conditions
Speed
Angle
Exit Box Criterion

Post-Impact Trajectory
Vehicle Stability ......................
Stopping Distance ... ..................

Occupant Impact Velocity
Longitudinal .........................
Lateral

Occupant Ridedown Deceleration
Longitudinal .........................
Lateral

Test ArticleDamage . ... ...t

Test Article Deflections
PermanentSet........................
Dynamic ............... ...
WorkingWidth . ......................

VehicleDamage . .............. ... ......
VDS
cDc?
Maximum Deformation

Figure B-2. Summary of Test Results and Sequential Photographs (English), Test No. CT-2

0.259 sec

£

Unsatisfactory
210 ft - 9 in. downstream J
5 ft - 8 in. traffic-side face

9.81 ft/s < 39.37 ft/s
-0.39 ft/s < 39.37 ft/s

5.37 Gs < 20 Gs
3.99 Gs < 20 Gs
Moderate

Extensive
12-L&D-6
12-TDDO08
N/A
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0.190 sec 0.274 sec 0.434 sec

11 12 13 14 15 16 17 1819
= —7 s ! —
) w i @
18 -9 ! @
L i @
® TeStAQENCY ..ov it MwRSF . .
® Test Number ... CT-3 ® Exit Conditions
. Date ................................ 10/10/2003 Speed ............................ N/A
Y NCHRP 350 Test Designation ............ 3_30 Angle T N/A
® APPUMENANCE . . oeeeeeeee e, Cable Guardrail End Terminal ExitBox Criterion .................. N/A
e TotalLength .......................... 254 ft ® Post-Impact Trajectory
e Key Elements - Wire Rope Vehicle Stability .................... Unsatisfactory
Diameter . . ... 0.75 in. Stopping Distance . .. ................ 154 t-10.5 in. downstream
Size . 7x19 . 18 ft-10 in. traffic-side face
Top Mounting Height ................. 30in. ® Occupant Impact Velocity
SPACING « + v v v e ee e 3in. Longitudinal ....................... 11.03 ft/s < 39.37 ft/s
e Key Elements - Cable Anchor Post Latere_ll ............. KERREEERERRERY -0.71 m/s < 39.37 ft/s
PostNos. 1and 19 ................... W6x25 by 96 in. long ® Occupant Ridedown Deceleration
Post Nos. 2and 18 . . .. ... $35.7 by 30 in. long with Longitudinal ....................... 9.56 Gs < 20 Gs
W6x9 by 72 in. long Lateral ........... ... ... -13.72 Gs < 20 Gs —
e Key Elements - Line Post ® Test ArticleDamage . ..................... Moderate
POStNOS. 3-17 ..o S3x5.7 by 63 in. long ® Test Article Deflections
POSESPACING + + v eeee e 16 ft Perman_ent Set . N/A
e Test Vehicle Dynamlc G N/A
Type/Designation . ................... 820C . WorkingWidth . .................... N/A '
Make and Model .. .. . . . ... 1998 Geo Metro ® Vehicle Da;nage ......................... Extensive
curb . 1,532 b VDS8 ............................. 12-L&T-6
Test Inertial . . . .+ 1,786 Ib CDC_ ........... EERRERPETRRRRE 12-TDDO08
Gross Static . . .+ 1,952 Ib Maximum Deformation .............. N/A
® Impact Conditions
Speed ... 58.9 mph
Angle ... ... 0.1 degrees
Impact Location ..................... Centerline of Post No. 1

Figure B-3. Summary of Test Results and Sequential Photographs, Test No. CT-3
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SRR B

EN .,

-—— ~ ) M e S | 7 . SR v
BRSSO T S e BRRREEC L e e BRI W S e SERgEL SN § L SR
0.000 sec 0.046 sec 0.168 sec 0.388 sec 0.600 sec
141'=10" i I
m‘:% 7 B 9 10 1 12 13 14 15 16 17 1319 (g:
= | 4
27
® TeStAQENCY .. ..vviii i MwRSF
® TestNumber ............. ... ... ....... CT-4 e Exit Conditions
® Date ... 6/8/2005 Speed ... 46.4 mph
® NCHRP 350 Test Designation ............. 3-30 Angle ... ... 13 degrees
® ADPUMENANCE ...\ttt eiiee e Cable Guardrail End Terminal Exit Box Criterion ................... Fail
® TotalLength .......... ... ... ... ........ 254 ft ® Post-Impact Trajectory
e Key Elements - Wire Rope Vehicle Stability ..................... Satisfactory
Diameter ..., 0.75in Stopping Distance .. .................. 141 ft - 10 in. downstream
Size 7x19 27 ft traffic-side face
Top Mounting Height . ............... 30in ® Occupant Impact Velocity
SPacing ... 3in Longitudinal ............. ... . ... ... 11.41 ft/s < 39.37 ft/s
® Key Elements - Cable Anchor Post Lateral ............. ... ... ... ... ... -2.54 ft/s < 39.37 ft/s
PostNos.land19 .................. W6x25 by 96 in. long ® Occupant Ridedown Deceleration
PostNos.2and18 .................. S3x5.7 by 30 in. long with Longitudinal ........................ 7.85 Gs <20 Gs
W6x9 by 96 in. long Lateral .......... ... i -3.48 Gs < 20 Gs
e Key Elements - Line Post ® TestArticleDamage . ..................... Moderate
Post Nos. 11-17 .................... S3x5.7 by 63 in. long ® Test Article Deflections
PostSpacing ....................... 16 ft PermanentSet....................... N/A
® Test Vehicle Dynamic ............. .. ..., N/A
Type/Designation ................... 820C WorkingWidth ...................... 254.8 in.
Make and Model ................... 1998 Geo Metro ® VehicleDamage .......... ... Minimal
Curb ..o 1,720 Ib VDS 12-FD-1
Testlnertial ........................ 1,795 Ib CDC® .. 12-FDEN-9
GrossStatic. ... 1,961 Ib Maximum Deformation ............... 0.25in.
® Impact Conditions
Speed ... 61.1 mph
Angle ... .. 0.1 degrees
Impact Location .................... Centerline of Post No. 1

Figure B-4. Summary of Test Results and Sequential Photographs (English), Test No. CT-4




APPENDIX C
Occupant Compartment Deformation Data

Figure C-1. Occupant Compartment Deformation Data, Test CT-1
Figure C-2. Occupant Compartment Deformation Index (OCDI), Test CT-4
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VEHICLE PRE/POST CRUSH INFO

TEST: CT-1
VEHICLE: 1996/GMC/WHITE
POINT X Y z X' Y z' DEL X DELY DEL Z
1 57.25 275 0 57.5 275 0 0.25 0
2 57.5 -21 1.75 57.5 -21 1.5 0 0 -0.25
3 57.25 -13.5 2.5 57 -13.25 2.25 -0.25 0.25 -0.25
4 53.25 45 1.25 53.25 4.25 15 0 0.25 0.25
5 53.25 0.5 15 53.25 0.5 15 0 0 0
6 51.25 =27 5 51.5 -27 5 0.25 0 0
7 52.25 -20.25 5.5 52.5 -20 5.25 0.25 0.25 -0.25
8 51 -13.75 6.25 51 -13.5 6.5 0 0.25 0.25
9 48 4.75 0.75 48.25 4.75 0.75 0.25 0 0
10 45 27.75 575 45 27.75 55 0 0 -0.25
1 45.25 -19.5 6 45 -19.25 6 -0.25 0.25 0
12 445 -10.5 6.5 44 .25 -10.5 6.25 -0.25 0 -0.25
13 445 -1.25 1 445 -1.25 1 0 0 0
14 36.5 26.5 55 36.25 26.25 525 -0.25 0.25 -0.25
15 37.75 20.5 5.75 37.5 20.75 5.75 -0.25 -0.25 0
16 38.25 -14.25 6.5 38.25 -14.25 6.25 0 0 -0.25
17 38.5 -6 2.25 38.5 -6 2 0 0 -0.25
18 38.5 0.5 15 38.5 0.5 1.25 0 0 -0.25
19 28 -29.25 575 28.25 29 5.75 0.25 0.25 0
20 28.25 -16.5 55 28.25 -16.5 525 0 0 -0.25
21 28.5 -1.5 2 28.5 -1.5 2 0 0 0
22 20.5 27 4.75 20.25 27 45 025 0 -0.25
23 18.25 -15.25 5.75 18.25 155 55 0 -0.25 -0.25
24 20.25 525 3.25 20 -5.25 3 -0.25 0 -0.25
25 26.75 -31.25 -95 26.5 -31.25 -9.25 -0.25 0 0.25
26 43.75 -26 25.75 43.75 -26 25.75 0 0 0
27 44,75 -10.75 25.75 4475 -10.25 25.75 0 0.5 0
28 44 1.75 25 44 1.5 25 0 -0.25 0
29
30
ORIENTATION AND REFERENCE INFO
\26 27 28 DASHROARD /
14
18 19 20
DDDR\ / DOOR
Y

Figure C-1. Occupant Compartment Deformation Data, Test CT-1
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Occupant Compartment Deformation Index (OCDI

Test No. CT-4
Vehicle Type: 820c

OCDI = XXABCDEFGHI

XX = |location of occupant compartment deformation

A = distance between the dashboard and a reference point at the rear of the occupant compartment, such as the top of the rear seat or the rear of the cab on a pickup
B = distance between the roof and the floor panel

C = distance between a reference point at the rear of the occupant compartment and the motor panel
D = distance between the lower dashboard and the floor panel

E = interior width

F = distance between the lower edge of right window and the upper edge of left window

G = distance between the lower edge of left window and the upper edge of right window

H= distance between bottom front corner and top rear corner of the passenger side window

I= distance between bottom front comer and top rear comer of the driver side window

Severity Indices

0 - if the reduction is less than 3%

1 - if the reduction is greater than 3% and less than or equal to 10 %

2 - if the reduction is greater than 10% and less than or equal to 20 %

3 - if the reduction is greater than 20% and less than or equal to 30 %
4 - if the reduction is greater than 30% and less than or equal to 40 %

B1 B4 B/
B2 B> BS
B3 B& B9

(f—~4 AL2.3 Bl BZ B3
DLR.: :
= }- e N\
) T < 1]
where,
1 = Passenger Side
2= Middle
3 = Driver Side
Location:
Measurement | Pre-Test (in.) | Post-Test(in.}| Change (in.)| % Difference| Severity Index |Noh: Maximum sevrity index for each variable (A-l)
A 84.25 84.25 0.00 0.00 0 is used for determination of final OCDI value
A2 85.75 86.00 025 0.29 [1]
A3 86.50 86.50 0.00 0.00 [i
B 40.50 40.25 -0.25 062 [i
B2 38.25 3825 0.00 0.00 0
B3 40.25 40.25 0.00 0.00 0
< 55.50 55.50 0.00 0.00 0
c2 59.75 58.50 025 0.42 0
C3 55.75 55.7: 0.00 0.00 [i
D1 475 147 0.00 0.00 [i
D2 9.75 18.75 0.00 0.00 Q
03 3.25 2325 0.00 0.00 0
E1 52.00 52.00 0.00 0.00 0
E3 49.00 49.00 0.00 0.00 0
F 49.25 50.00 075 152 0
G 49.25 4925 0.00 0.00 [i
H 40.75 40.75 0.00 0.00 Q
] 40.50 40.75 025 0.62 Q
XXABCDEFGHI
Final OCDI: 00o000O0DODO0OOQ

Figure C-2. Occupant Compartment Deformation Index (OCDI), Test CT-4
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APPENDIX D
Accelerometer and Rate Transducer Data Analysis, Test CT-1

Figure D-1. Graph of Longitudinal Deceleration, Test CT-1

Figure D-2. Graph of Longitudinal Occupant Impact Velocity, Test CT-1
Figure D-3. Graph of Longitudinal Occupant Displacement, Test CT-1
Figure D-4. Graph of Lateral Deceleration, Test CT-1

Figure D-5. Graph of Lateral Occupant Impact Velocity, Test CT-1
Figure D-6. Graph of Lateral Occupant Displacement, Test CT-1

Figure D-7. Graph of Yaw Angular Displacement, Test CT-1
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8.1

W8: Longitudinal Occupant Impact Velocity - CFC 180 Filtered Data - Test CT-1 (EDR4)
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Figure D-2. Graph of Longitudinal Occupant Impact Velocity, Test CT-1
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W3: Longitudinal Occupant Displacement - CFC 180 Filtered Data - Test CT-1 (EDR-4)
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Figure D-3. Graph of Longitudinal Occupant Displacement, Test CT-1
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Filtered Data - Test CT-1 (EDR-4)

W12: Lateral Deceleration - 10-Msec Avg. - CFC 180
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W8: Lateral Occupant Impact Velocity - CFC 180 Filtered Data - Test CT-1 (EDR-4)
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Figure D-5. Graph of Lateral Occupant Impact Velocity, Test CT-1
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W$: Lateral Occupant Displacement - CFC 180 Filtered Data - Test CT-1 (EDR4)
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Figure D-6. Graph of Lateral Occupant Displacement, Test CT-1
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CT-1 Vehicle Yaw
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Figure -7. Graph of Yaw Angular Displacement, Test CT-1



Figure E-1.
Figure E-2.
Figure E-3.
Figure E-4.
Figure E-5.
Figure E-6.
Figure E-7.

APPENDIX E
Accelerometer and Rate Transducer Data Analysis, Test CT-2

Graph of Longitudinal Deceleration, Test CT-2

Graph of Longitudinal Occupant Impact Velocity, Test CT-2
Graph of Longitudinal Occupant Displacement, Test CT-2
Graph of Lateral Deceleration, Test CT-2

Graph of Lateral Occupant Impact Velocity, Test CT-2
Graph of Lateral Occupant Displacement, Test CT-2

Graph of Yaw Angular Displacement, Test CT-2
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W8: Longitudinal Occupant Impact Velocity - CFC 180 Filtered Data - Test CT-2 (EDR4)
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Figure E-2. Graph of Longitudinal Occupant Impact Velocity, Test CT-2
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Figure E-3. Graph of Longitudinal Occupant Displacement, Test CT-2

W9: Longitudinal Occupant Displacement - CFC 180 Filtered Data - Test CT-2 (EDR-4)
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WA12: Lateral Deceleration - 10-Msec Avg. - CFC 180 Filtered Data - Test CT-2 (EDR-4)
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Figure E-4. Graph of Lateral Deceleration, Test CT-2
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W8: Lateral Occupant Impact Velocity - CFC 180 Filtered Data - Test CT-2 (EDR-4)
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Figure E-5. Graph of Lateral Occupant Impact Velocity, Test CT-2




06T

W8: Lateral Occupant Displacement - CFC 180 Filtered Data - Test CT-2 (EDR-4)
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Figure E-6. Graph of Lateral Occupant Displacement, Test CT-2
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CT-2 Vehicle Yaw
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Figure E-7. Graph of Yaw Angular Displacement, Test CT-2




APPENDIX F

System Details, Design No. 2

Figure F-1. System Details, Design No. 2

Figure F-2. End Anchorage Details, Design No. 2

Figure F-3. Support Post Assembly Details, Design No. 2

Figure F-4. Anchor Bracket and Line Post Details, Design No. 2

Figure F-5. End Anchor Details, Design No. 2

Figure F-6. System Details (English), Design No. 2

Figure F-7. End Anchorage Details (English), Design No. 2

Figure F-8. Support Post Assembly Details (English), Design No. 2
Figure F-9. Anchor Bracket and Line Post Details (English), Design No. 2
Figure F-10. End Anchor Details (English), Design No. 2
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3048mm

3048mm
1524'"1"-'—' ’7—'( r‘m—’i?mm = 4877mm (typical) -1-877mm—| —‘
1 1 1 1 1 1 1 1 1 | |
¥ ) || ] ¥ | ] L] ¥ | I
——— - . - - - - - - - . ———
1918 17 16 15 14 13 12 1 10 8 7 6 4 3021
Cable Guardrail End Terminal ‘-1'*":‘;5
Diste:
Layout 71212007
By:
Midwest Roadside GEP/CSS
Safety Facility g’;f;“;:';““ ;;;"m B
Figure F-1. System Details, Design No. 2 193
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NOTE: All cables run over the foot
of the Cable Release Lever,
the middle cable runs through

the Lever uprights.
Cable End Fittings

Cable Release
Lever

Load Cells

Install brass

NOTE: Materials

(1) Use grade 5 Bolts.
(2) A36 steel components (plate, angles, etc.)

Cable Clips

keeper rod.
19.1Tmm
hex head o
bolts 64mm
long, w/ ; 610mm Compensating Cable 687mm
3 H 1
nuts & 2 e 7B /_Sl'F’ Base End Assembly :
washers i 1
| r
i double nut ! : {I i |
E w/3 washers ! Bearing Strut } :E: :
‘ i it
! : i
i H
Soil Plate | W
]
L 1778mm !
]
ii Ei :/chle Support Post Base
1
I
2451mm |
|
1
I
]
1
I
I
]
;
\ 3048mm
Anchor Bracket Base Cable Guardrail End Terminal ‘Sheet:
2of5
Date:
End Details 1
Hy:
Midwest Roadside GEP/CSS
—————1524mm Safety Facility |-y None KaP

Figure F-2. End Anchorage Details, Design No. 2

194




S61

Emm

387mm

S76x8.5
Vo 762mm
838mm

}Bsm—mv—

13mm

1 between
(torgue to

w/ nut and 3 washers,

6mm thick
Plate (2)

38x38x5mm L (2)

5mrp, 25@133m

[
|
S 25@133mm4 178mm|-- |

13mm bolt, 64mm long

235mm

i 487mm

432mm !

Rl
\—\D‘Iﬁmm

254mm
/— jamm

plates.
26 ft*Ibs)

/—54mrr|

203mm

= ) |

\13mm bolt, \—GROUND LINE

k%‘” -3

13mm Dia.

10mm thick Slip

Cable Support Assembly
Bearing Strut

38mm
64mm
38mm

Plate

1@ B9
3"‘ 51@ 89mm

14mm

140mm

i
! for S76x145mm .Post
\—W152x13.4 : i?:&‘; ;:”9 3mm __pz7mm
: 2 washers Smm il il |4\_r
141 1829mm_:4g_ e : \-g19mm
T [ TYT 254mm E p——
: . W152x229mm—"] I
! _L
i sap i o
| zggmmm% T W152x229mm Cable
- —_—38mm Support Base
Cable Support Post, Base EF Cable Guardrail End Terminal [
and Bearing Strut Assembly 13mm &l 2
e Cable Support Post Assembly 71612007
i i By:
f103rm\#:‘r1] 5?;;;9?2% PBIS;ESZ Midwest Roadside GEP/CSS
Safety Facility Cn;gud:i:u == e

Figure F-3. Support Post Assembly Details, Design No. 2
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NOTE: 203mm 6mm

See Anchor Bracket ~| |—__F7

plate for hole center Cable Hook Bolt~—_ El

locations.

22mm Dia. (or loose "‘ T1mm
gmm

fit with 19mm rod) .
|
25mm Dia. | G
76mm —3
4Ll Q
19mm Dia. rod, 51,, long [76mm — | @
Weld in place from £l 2
beneath, 6mm min. /l
fillet all—around. 10mm I
Iiasamma‘ Dia. I
t 889mm
|5 5 | | 5
152mm H :
“ interrupt weld E S76x8.5
near hole I
| J”I closest to web 1880mm |
| ” 610mm |
I | 1%
I | ermm
2438 mm | i l/
H \ 610mm :
BB N E
H Tomm 51@140mm [
I \ TOmm !
- | - W152x37.2 . R L. I
| |
I et S L |
Il
1 Cable Guardrail Post
Cable Guardrail End Terminal [
Anchor Bracket Base 40of5
Diate:
Anchor Base & Line Post 7/16/2007
— By:
Midwest Roadside GEP/CSS
n H H Drrawing Name: Scale: Rev:
Safety Facility |~ o . .

Figure F-4. Anchor Bracket and Line Post Details, Design No. 2
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114mm
Steel Plate, 229x 76x 13mm

‘|27mm4-l

Square Steel Tubing
114mm

32 x 32 x
Smm wall S A
——| |——51mm _{
‘I3mmj

432mm 443mm

|
|
|
|
|
)@vm |
| 57mm
831mm

/t mm I
\//“—41104 —i—‘ 229mm}-—

Cable Release Lever
(complete details, weld all
interfaces as required 6mm)

76mm—— 41m 13 13mm
_L —25m

—_— L
1.3mm:|_ 1l ﬂ‘lOQmm 67mm Bm/ra‘ﬂ

87mm—=

|
b______:{:ﬂ

152mm

HOLE: Bmm dia. for Smm
brass keeper rod

B9mm
95mm ‘| (89mrg5mﬂ’—wmm

J_ /—38mm
25mm
‘ 1‘I4—rnrﬂ
_L

51mm (typ)—= }—7 \—@25mm(typ)

76mm
4-||~*13mm

6mm

16mme

10mm

Note: The cable used
was 10mme, 7x19
galvanized aircraft
cable, with 76mm

long loops, 25mm
long, and about

229mm 813mm long

®25mm (same hole—center layout
for Anchor Bracket Base)

Midwest Roadside
Safety Facility

Cable Guardrail End Terminal ™"
50of 5
Date:
End Anchor 1762007
By:
GEP/CSS
Drrawing Name: Scale: Hew:
CT-3.dwg None KAP

Figure F-5. End Anchor Details, Design No. 2
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18" (typical)

| | 1 | ! 1 | 1 ! 1 | | | | 1~
I | | 1 1 1 T | 1 1 1 | 1 1 1 T I
1918 17 16 15 14 13 12 11 10 8 7 6 5 4 3 29
Cable Guardrail End Terminal 51“:;5
Dt
71272007
out
- ny By:
Midwest Roadside GEP/CSS
aps Drawing Name: Scale: Rev:
Safety Facility CT-3.dwg None KAP

Figure F-6.

System Details (English), Design No. 2
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NOTE: All cables run over the foot NOTE: Materials
of the‘ Cable Release Lever, (1) Use grade 5 Bolts.
the middle cable runs through (2) A36 steel components (plate, angles, etc.)
the Lever uprights.
Cable Release Galvanized Aircraft Cable .
Lever Cable End Fittings Gaple ke 3/4" 3x7 Wire Rope
Load Cells
Install brass _
keeper rod. —E—
3/4”" hex mh
head bolts 30"
2.5" long, Compensating Cable 97" i
w/ nuts & End Assembly !
2 washers 1l Slip Base 1
+ : | HH 1
h i b
| double nut : . Ehi
] w/3 washers 1 Bearing Strut | ! |
| i R
i T
| : i
I i L_:.:.:_J
I Soil Plate | i
1
70" :
I
! Cable Suppeort Post Base
e
965 :
1
1
1
1
I
]
1
1
I
L1 ]
\ 10
Anchor Bracket Base Cable Guardrail Fnod Terminal Sheet
2 of 5
Date:
et End Details il
By:
Midwest Roadside GEP/CSS
| ' A 1H Drawing Nume: Seale: Rev:
5 Safety Facility gy o e

Figure F-7. End Anchorage Details (English), Design No. 2
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- ] |
Eﬁ 1/4" thick 9"
Plate (2) i 1
I
-1 1.5"%1.5"x3/16" L (2) | 1n |
_ _ | 1|t 198 | _[196
3/16° 1"@5.25" E | . | - '
15" 3/187 1"@5.25" |*7 " f 12 I \—e%
Cable Support Assembly
{—53x5.7 30" i Bearing Strut
2"~ | 33 1" 1/2" bolt, 2 1/2" long N ' ° _-‘
/ nut and 3 washers, *% J‘j
1 between plates. T " —Ll"
1/4" (torgue to 26 ft*Ibs) %"] %.. " 3:4&,,
1 rg%" l o —ri"
j [ 1 * _ 4" Die. 1/8"\2"@ 3.5"
N \1 3/8" thick Slip Plate 1/872'@ 35
\— i 1{2" bolt, GROUND LINE for S3x5.7 Post
W6x9 : 3/‘0“?& s WP
w nu -] -
: 2 washers Ek\f%
- = 72" —ij— TV JJ
_:ﬁF_ = A 1w
1 5 i
i i'j wexg "] ]
! 1 | I~ " i
| Tml n L
! 5 2 o W6x9 Cable Support Base
—_ ] —{—
" G ot
Cable SL:lppOI’t Post, Base I Ii" -'l _ Cable Guardrail End Terminal :h;f.s
and Bearing Strut Assembly \% Dia. kva " = == —
= Cable Support Post Assembly bladaiald
1/2" thick Slip Plate  |yidwest Roadside GEPICSS
for W6x9 Base Safety Facility g;w;‘:l::m ;n:;e :ap

Figure F-8.

Support Post Assembly Details (English), Design No. 2
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NOTE:
See Anchor Bracket
plate for hole center

|~8-_‘1_[:1"

Cable Hook Bolt~—. | i3

i 24" | locations.
A Zr
ST 7/8" Dia. (or loose —‘
¥4 [ L it with 374" rod) _—JQLF 1T
9| o ol o - It q
c==f==2 /_1 Dia. = | p
L_n_n_n_n‘_' o ) s q
3/4" Dia. rod, 2" long e | q
Weld in place from —*—pl =
beneath, 1/4" min. ,_/l
fillet all—around. 3/8 I
14%" = Dia. I
_p? ! 5
[ o (=)
¢ VT ¥ :
: 1 e - i
interrupt weld
H near hole X I/_S‘?”‘S]
| i | closest to web 63 i
I [ - o
1] }
|
I W b—
" I H 174
96 I :
I "
REAN 2 ||
I
Il N\ = |
I 3/8 :
I 3/8
| _\W5x25 J i |
TY T T |
I g L1 | |
I
| Cable Guardrail Post
- Cablo Guardrail End Terminal [
Anchor Bracket Base :uf5
nio:
- Anchor Basc & Linc Post bl
By:
Midwest Roadside GEP/CSS
Drawing Name: Secale: Rev:
Safety Facility |50 ssal .

Figure F-9. Anchor Bracket and Line Post Details (English), Test CT-3
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Steel Plate, 9"x 3"x 1/2"

Square Steel Tubing
1:25" % 1.25"
3/16" wall

Cable Release Lever

A

(complete details, weld all
interfaces as required 1/4")

v

HOLE: 1/4" dia. for 3/16"
bross keeper rod

T

3 @T |
e

I E _[1 o cr o‘ o
T 3/8 OI0 10 O
1n
_[E
:ET
H 5" .
5/8"%
i——| Gr5 Hex
3/8" Head bolt
; /8" 8" long
L@ 7
3/8" Ir_ %
1
?n_-_
%8 38
y Note: The cable used
14% . was '@, 7x19
oz — 4.-”-7% galvanized aircraft
N B S cable, with 3"
T long loops, 1"
long, and about
& i

#1" (same hole—center layout
for Anchor Bracket Base)

Cable Guardrail End Terminal :‘::5
1"]_ l ‘ HT 4%“ — End Anchor g}fm
2" () 4'] F L ?1" (typ) — o Midwest Roadside Giniia
Safety Facility é‘r‘*;&d;"; - =

Figure F-10. End Anchor Details (English), Test CT-3




APPENDIX G

Accelerometer and Rate Transducer Data Analysis, Test CT-3

Figure G-1 Graph of Longitudinal Deceleration, Test CT-3

Figure G-2. Graph of Longitudinal Occupant Impact Velocity, Test CT-3
Figure G-3. Graph of Longitudinal Occupant Displacement, Test CT-3
Figure G-4. Graph of Lateral Deceleration, Test CT-3

Figure G-5. Graph of Lateral Occupant Impact Velocity, Test CT-3
Figure G-6. Graph of Lateral Occupant Displacement, Test CT-3

Figure G-7. Graph of Yaw Angular Displacement, Test CT-3
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=10-Msec Avg. - CFC 180 Filtered Data - Test CT-3 (EDR-3

|

204

Figure G-1. Graph of Longitudinal Deceleration, Test CT-3
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W8: Longitudinal Occupant Impact Velocity - CFC 180 Filtered Data - Test CT-3 (EDR-3)

.

. WWJA\
Mw

Fps

10 W

0.0 0.2 04 08 0.8 1.0 1.2 14 16 1.8 20
Sec

Figure G-2. Graph of Longitudinal Occupant Impact Velocity, Test CT-3



902

W$: Longitudinal Occupant Displacement - CFC 180 Filtered Data - Test CT-3 (EDR-3)

700

In.

200

0.0 02 0.4 06 0.8 1.0 12 1.4

Figure G-3. Graph of Longitudinal Occupant Displacement, Test CT-3
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WA12: Lateral Deceleration - 10-Msec Avg. - CFC 180 Filtered Data - Test CT-3 (EDR-3)

Ml

i U MWJ B

. MUIM | h%
[T

Figure G-4. Graph of Lateral Deceleration, Test CT-3



Ws: Lateral Occupant Impact Velocity - GFC 180 Filtered Data - Test CT-3 (EDR-3)
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80¢
Fps

-10
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Figure G-5. Graph of Lateral Occupant Impact Velocity, Test CT208
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W9: Lateral Occupant Displacement - CFC 180 Filtered Data - Test CT-3 (EDR-3)
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Figure G-6. Graph of Lateral Occupant Displacement, Test CT-3
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CT-3 Vehicle Yaw
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Change in Angle
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Figure G-7. Graph of Yaw Angular Displacement, Test CT-3



APPENDIX H
System Details, Design No. 3

Figure H-1. System Details (Metric), Design No. 3

Figure H-2. End Anchorage Details (Metric), Design No. 3

Figure H-3. Anchor Bracket Details (Metric), Design No. 3

Figure H-4. Anchor Bracket Parts (Metric), Design No. 3

Figure H-5. Anchor Bracket Base Details (Metric), Design No. 3

Figure H-6. Anchor Bracket Base Details (Metric), Design No. 3

Figure H-7. Support Post Assembly (Metric), Design No. 3

Figure H-8. Line Post Nos. 3 through 7 Assembly Details (Metric), Design No. 3
Figure H-9. Bearing Strut Details (Metric), Design No. 3

Figure H-10. Support Post Details (Metric), Design No. 3

Figure H-11. Support Post Base Details (Metric), Design No. 3

Figure H-12. Support Post Nos. 3-7 Details (Metric), Design No. 3
Figure H-13. Line Post Nos. 3 through 7 Details (Metric), Design No. 3
Figure H-14. Cable Release Lever Details (Metric), Design No. 3

Figure H-15. Line Post Nos. 8 through 17 Details (Metric), Design No. 3
Figure H-16. Line Post Nos. 8 through 17 Details (Metric), Design No. 3
Figure H-17. System Details (English), Design No. 3

Figure H-18. End Anchorage Details (English), Design No. 3

Figure H-19. Anchor Bracket Details (English), Design No. 3

Figure H-20. Anchor Bracket Parts (English), Design No. 3

Figure H-21. Anchor Bracket Base Details (English), Design No. 3
Figure H-22. Anchor Bracket Base Details (English), Design No. 3
Figure H-23. Support Post Assembly (English), Design No. 3

Figure H-24. Line Post Nos. 3 through 7 Assembly (English), Design No. 3
Figure H-25. Bearing Strut Details (English), Design No. 3

Figure H-26. Support Post Details (English), Design No. 3

Figure H-27. Support Post Base Details (English), Design No. 3

Figure H-28. Support Post Nos. 3-7 Details (English), Design No. 3
Figure H-29. Line Post Nos. 3 through 7 Details (English), Design No. 3
Figure H-30. Cable Release Lever Details (English), Design No. 3

Figure H-31. Line Post Nos. 8 through 17 Details (English), Design No. 3
Figure H-32. Line Post Nos. 8 through 17 Details (English), Design No. 3
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[A%4

I7.42m

3048mm

4877mm (typical)

4877mm

1524mm— I-—*‘
1

—

3048mm

—

IMPACT

1918 17

o §

15 14 13 12 11 1

g mas=t

Midwest Roadside

Cable Guardrail End Terminal
CT4

System Layout

Sheat:
1of16

Date:
7/18/2007
By:

GEP

Safety Facility

Drmwing Name: Soale:
CT-4 R6.dwg None

Reov:
KAP/JCH

Figure H-1. System Details (Metric), Design 3
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Cabla

J Top Cable

NOTE: Maierials
(1) Use Grade 2 bolts, nuts, and washers.
2) A36 stesl components (plate, angles, stfc.)
mim

1524mm

Lever Retaining

NOTE: All cables run over the foot
of the Cable Release Lever,
the middle cabla runs through
the Lever uprights.

‘ able Support Fost
{Part D)

| i —r—={ED Cable End Fittings
&i!!!fi: Cabla Release Laver
/ mpensating Coble Assembly Cable Clips (Part F)
Cable Support Post Install 4.Bmm x 336mm Brass
(Part 1) 18mm 3x7 Wire Rope Slip Bosa Keeper Rod
= s —1
2-20mm nut w/
/ 3=52mm 0.D. washers \\—‘IQmm bce
Bearing Strut Cable hnchor—/ head bolts
(Part C-Post 2 Only) (Part A) €4mm long,
w/ nuts &
/ Z washers
Cable Suppoert Post Bose Soil Plate
(Part £) \
\—Cublu Support Post Base
(Part J)
Anchor Brackel Busn—/
(Part B)
Cable Guardrail End Terminal ~ |™**
CT4 20of16
Duie:
System End 182007,
By:
Midwest Roadside GEP
f F C“i Dirnwing Name: Scale; Rew:
Sa ety a ty CT-4 R6.dwg 1=30 KAP/ICH

Figure H-2. End Anchorage Details (Metric), Design No. 3
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ITEM|QTY DESCRIPTION MATERIAL

222mm A 2 |Cable Anchor Bracket [XXX
133mm
Bmm @ _"“l'" &mm
o o ol'o
H o O ( 363 O Y g4 Bmmx356mm
1om _‘_‘_\H‘h r = _.{/_Brcss keeper rod
\ “
S e e
= N Cable Anchor Bracket
\® (Part A)
114mm = =
Note: The lever retaining cable used
19mm 102mm was #9.5mm, 7/x19 galvanized

aircraft cable, 814mm long with 76mm
long loops and 25mm long clip.

= LY W7 f =
N A
L IT THFL 1T (3T 1T 0
I gij 25mm @ BBmm c-c
NSdmme N —
Cable Guardrail End Terminal =3
Fa SN 13@ 241mm CT4 30f16
10mm e |
Cable Anchor Bracket it
By:
Midwest Roadside GEP
1 H Drawing Nume: Scale: Rev:
Safety Facility | % e 1=10 KAP/ICH

Figure H-3. Anchor Bracket Details (Metric), Design No. 3



1%4

51mm {typ)

. #25mm (typ)

Cable Plate
(Part a2)
127mm

1
32mm__

Exterior Cable Plate Gusset
(Part a4)

oS [TEM[QTY|  DESCRIPTION MATERIAL
e al 2 |Anchor Plate 6 13mm Plate
-/—___76mm a2 | 2 |Cable Plate A36 9.5mm Plate
Ly Temm a3 | 2 |Release Lever Plate A36 15mm Plate
/ a4 | 4 |Ext. Cable Pit Gusset |[A36 13mm Plate
a5 | 6 |int. Cable Plt Gusset [AS6 T3mm Plate
ab ? |Release Lever Plt Gusset A36 13mm Plate
| & & & &
70mm
“Ame, LB #25mm (same hole—center layout
! ‘I ‘I ‘I ! \ for Anchor Bracket Base) 9mm
89mm / \ \M A_T 'TI‘
T6mm 76mm
SimmIDi
Anchor Bracket Plate AT e 25mm
(Part a1) 76mm, —I‘“’ﬁ""’" Si3rmm J e
| I~
85mm BImm) ‘m/ \_*_ i
| pomm™ pSmm 87cam T Interior Cable Plate Gusset
25mer A\ —F | 152mm | | 25mm (Part a5)
T Q 114mm 1

98mm
67mm[ /\
@19mm
Emm

Release Lever Plate Gusset

140mm ( P a r’r a 6)
32mm| Cable Guardrail End Terminal |
CT4 4of 16
Diste:
Cable Anchor Bracket Parts 7/18/2007
Release Lever Plate - - B |
(F' #H @ 3) Midwest Roadside GEP
ays Druwing Nume: ‘Scale: Rev:
Scale: 25 4mm=127mm Safet}' Fa‘:]hty CT-4 R6.dwg 1=10 KAP/JCH

Figure H-4. Anchor Bracket Details (Metric), Design No. 3



ITEM|QTY| DESCRI

PTION

MATERIAL

B | 2 [Anchor Bracket Base

XXX

2438mm

152mm

Top

10mm
Interrupt weld
near hole
closest to web

N
10mml [51mm@140mm

#19mm rod, S1mm
long Weld in place from
beneath, 6mm min. fillet
all—around.

10mm

\_ 10mm
W152x386.8
NE)
Anchor Bracket Base
(Part B)
Cable Guardrail End Terminal ~ |™**
CT-4 50f16
Date:
Anchor Bracket Base 182007
By:
Midwest Roadside GEP
114 Drawing Name: Scale: Rev:
Safety Facility C'I'-4;l&.dwg None KAP/ICH

Figure H-5. Anchor Bracket Base Details (Metric), Design No. 3
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2438mm

228mm

=

W152x37.2
(Part b1)

31Bmm

Anchor Base Plate

(Part b3)

922mm (or loose

fit w/ 19mm rod)

ITEM[QTY DESCRIPTION MATERIAL
b1 2 |W152x37.2 Post XXX
b2 2 |Soil Plate XXX
b3 | 2 |Anchor Base Plate XXX
ba | 8 [T9mm Dia. Kod ¥XX
610mm

\‘—¢25mm

610mm | QHihm
1

Scil Plate
(Part b2)

203mm

Side View

#19mm Rod

(Part b4)
Scale: 25.4mm=101.6 mm

Cable Guardrail End Terminal |
: CT-4 60f16
Anchor Bracket Base Parts Uldd

Midwest Roadside GEP
qH Drawing Name: Scale: Rew:
Safe.ty FBC]IIty CT-4 R6.dwg 1=10 KAP/JCH

Figure H-6. Anchor Bracket Base Details (Metric), Design No. 3
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' O

/876x145
762mm

686mm
609mm

r Bmm

381mm

B838mm
762mm

13mm 307 grade bolt,
64mm long w/ nut and
3 washers, 1 washer between

plates. (torque to 40dft—Ib)

G

\—GROUND LINE
\w1 52x13.4

TR

X |
\—m.Smm 307 dee bolt,

203mm long w/ nut &
2 washers

1829mm

Base and Bearing Strut

Assembly with Cable Support Post

Post 2
Cable Guardrail End Terminal ~ [*™
CT4 Tofl6
Dt
Cable Support Post Assembly 711812007
— Post 2 By:
Midwest Roadside GEP
ays Dirmwing Mame: Scale: Rev:
Safety Famhty CT-4 R6.dwg 1=10 KAP/ICH

Figure H-7. Support Post Assembly (Metric), Design No. 3
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- A u
762
S76x8.5 o
762mm /_ B3Bmm
B686mm #13mm A307?? Grade bolt, 51mm long
w/nut and 3 washers,
1 waosher between plates.
610mm (torque to 35.3527 Nm)
I - LLL il J
GROUND LINE I‘szmm

\ W152x13.4
q 1829mm

~0

Base and Bearing Strut
Assembly with Cable Support Post

Posts 3-7
i Cable Guardrail End Terminal ~ |**
CT4 80f16
Daie:
End Terminal Line Post i
— Posts 3-7 By:
Midwest Roadside GEP
By Dirawing Mame: Seale: Rev;
Safety Facility |75 0 1=10 KAP/ICH

Figure H-8. Line Post Nos. 3 through 7 Details (Metric), Design No. 3
219



0¢¢

Bearing Strut
(Part C— Post 2 only)

¢16mm

JBmmx3Bmmx4.8mm L

~\

ITEM|QTY DESCRIPTION MATERIAL
C 2 |Bearing Strut XXX

cl | 2 |Bearing Plate XXX

c2 | 2 |Bearing Plate Brace XXX

c3 | 2 |Bearing Plate Brace XXX

235mm
178mm
| 432mm ‘ ” Bmm

Bearing Plate

| )

487mm

1016mm

Bearing Plate Brace
(Part ¢2)

(Part 1)
@16mm
14mm
[
487mm
1016mm
I
Bearing Flate Brace
(Part c3)
Cable Guardrail End Terminal ~ |***
CT4 90f16
Diate:
Bearing Strut A0
By:
Midwest Roadside GEP
3 Dravwing Nune: Scale: Rev:
Safety Facillty CT-4 R6.dwg 1=10 KAP/ICH

Figure H-9. Bearing Strut Details (Metric), Design No. 3



ITEMIQTY DESCRIPTION MATERIAL
D 2 |Cable Support Post XXX
d1 2 |S76x8.5 Post XXX
d2 | 2 |Cable Bracket AS6 13mm Plate
d3 | 7 |Slip Plate A36 9.5mm Plate
&mm _—I |——51mm
Saw cut to ( - 7mm
6mm be bent down Q [—76mm
and retain t% 330mm
! cable (typ.) [~ 76mm
my
762mm \576x8.5 @) Libinm 762mm
/]
[} 1
[}
]
i | (] |
Cable Support Post Cable Bracket S76x8.5
(Part D) (Part d2) (Part d1)
I 127mm | & il
—‘ FSmm ll_
| 1gmm 9 "{\
Hﬁm l\ q 3B
19m 35mm (} 70mm
_I_ b
102mm 321“ 203mm
~— #22m)
25';""" 9.5mm Thick Plate |
L19mm .
Slip Plate aPeztqul c%
el Lt - TR T ———
(Part d3) ﬁ CT4 100f16
Scale: 25.4mm=101.6mm Date:
Cable S (P 7/18/2007
eI’(:».'a.I,Z ol By:
Midwest Roadside GEP
Safety Facility E-"rl"'i?ﬁ;g 10 KAP/ICH

Figure H-10. Support Post Details (Metric), Design No. 3
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44

3mm
7
3mmY51@ 89mm

R10mm
6.4mm 25mm
T 7T AN

1| |_29mm
Il
Il
e j
ii
i
I
::&:: §45mm fr;u
W
(]
i
Il
i
i
I
i
]
Il
H

W152x13.4 W152x13.4
Support Base Post (Part e1)

(Part E)

149mm

Slip Plate

for W152x13.4 Base

(Part e2)

Scale: 25.4mm=101.6 mm

ITEMQTY DESCRIPTION MATERIAL
E 2 |Cable Support Base XXX
el 2 |W152x13.4 Post XXX
e2 | 7 |Base Slip Plate AS6 15mm Flate
127mm
19mm
37mm
19mm ‘\““\ T 4&-
g : 18°
32mm
48mm
‘\: +
43mm
A9mm M

Cable Guardrail End Terminal ~ [****
CT4

Midwest Roadside
Safety Facility

11 of 16
Date:
Cable Support Base 12007
Post2 By:
GEP
Drmwing Name: Scale: Rev:
CT-4 Rb.dwg 1=10 KAP/JCH

Figure H-11. Support Post Base Details (Metric), Design No. 3




762mm

\576x8.5

|
T —— i =
|

ITEMIQTY DESCRIPTION

MATERIAL

| S |Cable Support Post XXX

il 5 |S76x8.5 Post XXX

Cable Support Post
(Part 1)

(Part d3—Page 10)

762mm |89.5Mm

o S . I

S76x8.5 Post
(Part i1)

Cable Guardrail End Terminal [
; CT-4 120f 16
4 y Date:
Cable Support Post T80T
) Posts 3-7 By:
Midwest Roadside GEP
T Drawing Name: Scale: Rev:
Safety FBC]IIty CI'-4§6.dw1; 1=10 KAP/ICH

Figure H-12. Line Post Nos. 3 through 7 Details (Metric), Design No. 3
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vee

3.2mm 51mm @ 89m
3.2mm51mm @ BImm @ (Par‘f

6.4mm

W152x13.4
Support Base
(Part J)

e2—Page 11)

|

|
S
1

e o e e e e e e

W152x13.4
Post (Part j1)

ITEM|QTY DESCRIPTION MATERIAL

J S |Cable Support Base KAX

jl S |W152x13.4

Post XXX

Midwest Roadside
Safety Facility

Shest:

Cable Guardrail End Terminal
CT4 sorts |
Diate:
Cable Support Base il
Puggp;—? By:
GEP
Drawing Name: Scale: Rov:
CT-4 R6.dwg |1=m KAP/JCH

Figure H-13. Line Post Nos. 3 through 17 Details (Metric), Design No. 3
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ITEM|IQTY DESCRIPTION MATERIAL
F 2 |Cable Relegse Lever
1 4 |Kicker Lever A3B 32x52x5mm Plate
140mm ___57mm 2 2 |Connecting Tube AdB 32x32xOmm Plate
3 | 4 |Kicker Plate Gusset |A36 13mm Plate
- f4 | 2 |Kicker Plate A36 13mm Plate
== “I ’_776mm
4.8mm i il
T M
I
i: Connecting Tube
I
. N\ i j (Part 2)
| el | | 39mm
: Imml | ]
i | i i 432mm L -
i A~ | ¥ 83mm
| S i —
| M| | Ti3mm
: Ul il :
: 108mm ; i
13mm { _.1| H._ ., 68mm 11 mmg——
| | ¥
A1 4emm\ ] ‘ Kicker Plate Gusset
| i I ] Kicker Lever (Part £3)
(Part f1)

@ 254mm

Cable Release Lever
(complete details, weld all
interfaces as required 6.4mm)

76mm

Kicker Plate
(Part f4)

(Part F) Cable Guardrail End Terminal |
CT-4 14 of 16
Diate:
Cable Release Lever 718/2007
By:
Midwest Roadside GEP
1 Drewing Nume: Scale: Rev:
Safety Facihty CT-4 R6.dwg 1-8 KAP/JCH

Figure H-14. Cable Release Lever Details (Metric), Design No. 3



[]
ﬂl “
]
ﬂl 762mm )
i
1
1
e
i
; 6BEmm 837mm
i
I
I
- 610mm
i
1
i
1 600mm S76x8.5\ E
i
I
_—
[ ]
1
1
i
] S }
i / emm
]
i
610mm E
i Bt
1
1
1
i
]
L | st piote
1
Cable Guardrail Post
(Part G)
- Cable Guardrail End Terminal |
y CT-4 150f 16
i y Duale:
Cable Guardrail Post & 182007
Cable Heights B
Midwest Roadside GEP
" 4 Drawing Name: Seale: Rev:
Safety Facmty C’I‘“-?I’{ﬁ.dwg 1=10 KAP/ICH

Figure H-15. Line Post Nos. 8 through 17 Details (Metric), Design No. 3
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ITEM[QTY DESCRIPTION MATERIAL
g1 | 10 |S76x8.5 Post XXX
g2 | 45 |Cable Hook Bolts XXX
g3 | 10 [Scil Plate AS6 bmm Plate
59mm h1 | 4 [cable— 77.42m #19mm 3x/ Wire rope
11mm \
_’| hﬁmm
BOmm 25mm )
A |
76mm ~
?ﬁmm-_ ( + 25mm
Bmm
R13mm
| 19mm
44mm
Shouldered Cable
Hook Bolt, FBHO4
(Part g2)
1600mm
| 203mm A L Bmm
| | |
610mm
Soil Plate, PLSO1
S76x8.5 Post (Part g3)
. ' Shest:
(Part g1) 8 | CableGuardrg_lflEndTelmmal iy
4 y —
Cable Guardrail Post Parts THI
By:
Midwest Roadside| GEP
Safety Facility | T%ci 110 KAP/ICH

Figure H-16. Line Post Nos. 8 through 17 Details (Metric), Design No. 3
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254

s 10" 16" (typical 16’ 10
1 1 [ 1 1 1 1 1 1
| ] ] ] ] L] \ L] L} L} /
e
F&'&gm hols filsd
/ O IMPACT
18918 17 16 15 14 13 12 11 10 8 7 51 5 4 3 2 =l
Cable Guardrail End Terminal |
CT4 1ofl6
Diato:
System Layout H12007
By:
Midwest Roadside GEP
O H Drmwing Name: Scale: Reov:
Safet}' FaC]Ilty CT-4 Rb.dwg None KAP/JCH

Figure H-17. System Details (English), Design No. 3
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NOTE: Materials
(1) Use Grode 2 bolts, nuts, and washers.
(2) A36 steal compenents (plate, angles, eic.)

head belt 10" long

NOTE:

5

10

}
‘ able Support Post
(Part D)

s e ] Ju

_.\\._

Cabla Support Pnsi-/

(Part 1)

ﬁi' 3x7 Wire Raope

Cable End Fittings

zm pensating Cable Assembly

All cables run over the foot
of the Coble Release Lever,
the middle cable runs through
the Lever uprights.

Cabla Ralacsa Levar

\Cnble Support Post Base

(Part J)

Bearing Strut
(Part C—Post 2 Only)

Cable Support Post Base
(Part E)

e (Part F)
Install ’I}G- % 14" Brass
Keeper Rod
Y, \— Gi" hex
Cable Anchor head bolts
(Part A) 2" long,
w/ nuts &
/ 2 washers
\\ Sail Plate
Anchor Bracket Buss—/
(Part B)
Cable Guardrail End Terminal |
CT4 20f16
Diato:
Sy End 7/18/2007
By:
Midwest Roadside i
13 Druwing Nume: Scale: Rov:
Safety Facility | e 1-30 KAP/ICH

Figure H-18. End Anchorage Details (English), Design No. 3
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ITEM|QTY DESCRIPTION MATERIAL

8%" A 2 |Cable Anchor Bracket [XXX
1!:
51 ;
1» A
S | @ %
o o olo
7 ““———\HQ___ O 9@ O ’/—&b%"x‘lﬁr" Brass
C L] L] o keeper rod
S e Y
- ] N Cable Anchor Bracket
\ > (Part A)
|——4—21”—- L L
Note: The lever retaining cable used
%"_.l I was @%", 7x19 galvanized

aircraft cable, 36" long with 3”
long loops and 1" long clip.

= LY Y7\ 5
N oS
C 1T TP T 9T 1T 1
SZ“ 1
< N 8 AN 1" @ 3" e—c
B s
" " Cable Guardrail End Terminal =
P /g\ 1"e 9} ﬁ ¢ Guardrail End Terminal [
Cable Anchor Bracket TARR007
By:
Midwest Roadside GEP
1 H Drawing Nume: Scale: Rev;
Safety Facility | 7% e 1=10 KAP/CH

Figure H-19. Anchor Bracket Details (English), Design No. 3
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ITEMQTY DESCRIPTION MATERIAL

1417 al | 2 |Anchor Plate A36 15mm Plate

- a2 | 2 |Cable Plate A36 9.5mm Plate

s a3 | 2 |Release Lever Plate A36 13mm Plate

N v o - a4 | 4 |[Ext. Cable PIt Gusset |A36 13mm Plate

1 o5 | 6 |int. Cable Pt Gusset |A36 Tomm Plate

I ‘ ‘ ’ ’ B1" (same hole—center layout ab ? |Release Lever Plt Gusset A36 13mm Plate

?Z"_L@ ® ® @EB//_ for Anchor Bracket Base)

S e o e
T T 1

Fo R N R S R a%’ﬁ
MY w [#)] (o]

%[Df

31‘6

Anchor Bracket Plate
(Part a1)

2
4
143

o ﬂpJF“ i< ? Interior Cable Plate Gusset

‘L ) arr a
1“J__—\| ,—\‘ T j 4 (Part a5)
f

2" (typ)*l ‘* \—91" (typ)

Cable Bista Exterior Cable Plate Gusset 1;1,,.\>’37"
7%

(Part a2) (Part a4) I&
b
| >
I

i I Release Lever Plate Gusset
55" (Part ab)

19 .
1 Cable Guardrail End Terminal ~ [****
N w N e
g 5 Date:
Cable Anchor Bracket Parts 7/18/2007

Release Lever Plate - - By:
(Part a3) Midwest Roadside GEP
13 Drawing Hame: Scale: Rev:

TR o Safety Facility |3 ol eyl ® e

Figure H-20. Anchor Bracket Details (English), Design No. 3



ITEM|QTY

DESCRIPTION

MATERIAL

B | 2

Anchor Bracket Base

XXX

Top

oi rod, 2" long
Weld in place from
beneath, i" min.
fillet all—around.

g-J_

Interrupt weld
near hole
closest to web

g |2"e54"

\wsxzs

N
NE)
Anchor Bracket Base
(Part B)
- Cable Guardrail End Terminal ~ |™**
CT-4 50f16
y Duate:
Anchor Bracket Base 182007
By:
Midwest Roadside GEP
n 114 Drawing Name: Scale: Rev:
Safety Facility C'I'-4;l&.dwg None KAP/ICH

Figure H-21. Anchor Bracket Base Details (English), Design No. 3
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T TEMQTY][ __ DESCRIPTION MATERIAL
! b1 2 |W152x37.2 Post XXX
! b2 | 2 |Soil Plate XXX
i b3 | 2 |Anchor Base Plate XXX
I b4 | 8 [1¥mm Dia. Rod XXX
I
I
1
I o
I
]
]
I
I
Il
]
Il
1l
96” i
:: 24"
I
|
|
|
I
|
|
|
\ A I
\ v . 24” | JL%
|
!
ii Soil Plate
T (Part b2)
Wbx25 Post
(Part bt1)
14%'?
‘|“ e . ]
4_”-72 ™ 0w —
Tf i ‘ ‘ ‘ /~ 84" (or loose o
. : fit w/ #3" rod)
¢ 3%_[—9 e o / —l-
'3 A A MM Side View
0 i,
T Ny
° HEEHFE 23" Rod
(Part b4)
Scale: 1"=4"
- CBbICG i 1 ElldT : l Sheet:
Anchor Base Plate | CT4 kil
(Part b3) Anchor Bracket Base Parls 71872007
Midwest Roadside GEP
Safety Facility |0 Seove 1-10 KAP/CH

Figure H-22. Anchor Bracket Base Details (English), Test CT-4
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94" A307 grade bolt, 2" long

1 washer between plates.

[*

] /@ 13"
- /]
S3x5.7 30"
/_ 33"
30"
27" R
24 w/ nut and 3 washers,
(torque to 26 ft—Ib)
= —F ==
\GROUND LINE \ \©
v&" A307 grade bolt,
8" long w/ nut &
“\ 2 washers
W6Ex9
::N__ 72"
T

Base and Bearing Strut
Assembly with Cable Support Post

Post 2
8 Cable Guardrail End Terminal |
y CT4 7 of 16
Datn:
7/18/2007
Cable Support Post Assemb
- PP post 2 ¥ T
Midwest Roadside GEP
aps Dirawing Name: Scale: Hev:
Safety Facility CT-4 R6.dwg 1-10 KAP/ICH

Figure H-23. Support Post Assembly (English), Design No. 3
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- /] ﬂ
S3x5.7 30"
33"
30” 1n "
27" ¢5" A307 Grade bolt, 2" long
24" w/ nut and 3 washers,
1 washer between plates.
(torque to 26 ft—Ib)
Fw
%5
N - I:I I1I
B =R

\—GROUND LINE

\wsxg
::&:: 72" /

~Q

Base and Bearing Strut
Assembly with Cable Support Post

Posts 3-7
Cable Guardrail End Terminal |
| CT4 8of16
. { =
T18/2007
Cable Si rt Post Assembl
o P osts 3.7 A -
Midwest Roadside GEP
) Drunwing Name: Scale: Rev:
Safety Fueility CT-4 Ré.dwe |1=1u KAP/JCH

Figure H-24. Line Post Nos. 3 through 7 Details (English), Design No. 3
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i el o ]

Bearing Strut %9‘” 5*:!
(Part C— Post 2 only) 1"® 5t

x 1"
13x1 %L_\

I 40"

Bearing Plate Brace

Bearing Plate
(Part c1)

93"

194"
40"

Bearing Plate Brace

ITEM|QTY DESCRIPTION MATERIAL
C 2 |Bearing Strut XXX
cl | 2 |Bearing Plate XXX
c2 | 2 |Bearing Plate Brace XXX
c3 | 2 |Bearing Plate Brace XXX
, 7
3+
@ - 17" 4 3

(Part c2) (Part c3)
Cable Guardrail End Terminal |
CT4 90of 16
Diate:
Bearing Strut A0
By:
Midwest Roadside GEP
3 Drawing Name: Scale: Rev:
Safety Facility CT4 ‘I'tﬁ.dwg 1=10 KAP/ICH

Figure H-25. Bearing Strut Details (English), Design No. 3




ITEM|QTY DESCRIPTION MATERIAL
D 2 |Cable Support Post XXX

di 2 |S76x8.5 Post XXX

d2 | 2 |Cable Bracket AS6 13mm Plate
d3 | 7 |Slip Plate A36 9.5mm Plate

See Detail d2 ”12"[7

Saw cut to

be bent down 3"

and retain the 3" 13"
! cable (typ.) J_
30" N s3x5.7 3 f ) 30"
/]
1
[} 1
[}
]
g —_— L
Cable Support Post Cable Bracket S$3x5.7 Post
(Part D) (Part d2) (Part d1)
A
3 18"
+
g" Thick Plate
Slip Plate Defcil_d?
for S3x5.7 Post — 5=2:‘°: 1’=5 - —
(Pdﬂ d3) i CablaGuardlg}!EndTermuml 54
B Cable Support Post Tiiaz00
Post2 By:
Midwest Roadside GEP
Safety Facillty [ % b

Figure H-26. Support Post Details (English), Design No. 3
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ITEMQTY DESCRIPTION MATERIAL
E 2 |Cable Support Base XXX
el 2 |W152x13.4 Post XXX
e2 | 7 |Base Slip Plate AS6 15mm Flate
3n
7 . s
- = 3 o2
—4— —— 11491 4
JU jﬂ” *
ks Ui
Il
e :: 3{\\ 4
t 2 + I
i —t 1 18
: S
j 5% 1 13]_%” \
_ﬂiF_ 72" iV T\\ 1
p— — i +
hd bkl T
i 150 11 "2
j 18 15"
! {
Il
Il
Il
i
g Slip Plate
H for W6x9 Base
Part e2
W6x9 Cable W6x9 (s.:me.- I.=4.)
Support Base Post (Part el)
(Part E) 8 Cable Guardrail End Terminal |
] CT4 11 of 16
¥ ] Date:
Cable Support Base 12007
Post2 By:
Midwest Roadside : GEP
Safety Facility |75 10 KAPCH

Figure H-27. Support Post Base Details (English), Design No. 3



ITEMIQTY DESCRIPTION MATERIAL

| S |Cable Support Post XXX

il 5 |S76x8.5 Post XXX

(Part d3—Page 10)

i
.....-..-..--,--------w---ﬁ-m
i |
ofo a&”
“—"|—f
|

1 : ; S, b ||

S3x5.7 Post
(Part i1)

Cable Support Post
(Part 1)

Cable Guardrail End Terminal ~ |™=*
; CT-4 120f 16
4 y Date:
Cable Support Post T80T

) Posts 3-7 By:
Midwest Roadside GEP
qH Drawing Mame: Seale: Rewv:
Safety FBC]IIty CT-4 Rb.dwg 1=10 KAP/ICH

Figure H-28.Line Post Nos. 3 through 7 Details (English), Design No. 3
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ove

€ (Part

e

W6xS Cable
Support Base
(Part J)

e2—Page 11)

|

N
|
S
1

e o e e e e e e

W6x9
Post (Part j1)

ITEM|QTY DESCRIPTION MATERIAL

J S |Cable Support Base KAX

jl S |W152x13.4

Post XXX

Midwest Roadside
Safety Facility

Shest:

Cable Guardrail End Terminal
CT4 sorts |
Diate:
Cable Support Base il
Puggp;—? By:
GEP
Drawing Name: Scale: Rov:
CT-4 R6.dwg |1=m KAP/JCH

Figure H-29. Line Post Nos. 3 through 7 Base Details (English), Design No. 3
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ITEM[QTY DESCRIPTION MATERIAL
F 2 |Cable Release Lever
A" ol f1 4 |Kicker Lever ASE 3Z2x32x5mm FPlate
B 4 - f2 | 2 |Connecting Tube A36 32x32x5mm Plate
£3 | 4 |Kicker Plate Gusset A36 T3mm Plate
- f4 | 2 |Kicker Plate A36 13mm Plate
7 | =T
1%” _-—| i“—‘]z” -g
o
ii Connecting Tube
| (Part 2)
0 s B ¥ "
’ 1 | —i [ '1e
! il | 7t 31_&
I | || i 4
i 1 | b
e i | ‘
: AERSAE ; !
3 | 4§ ﬁ»ﬂ_u
@ E: 1;5 :i ii Kicker Plate Gusset
| i I ] Kicker Lever (Part £3)
(Part f1)
@ |-f10”—-|i
3))
Cable Release Lever T
(complete details, weld all .
; . 19 Kicker Plate
interfaces as required z )
(Part f4)
(Part F) 8 Cable Guardrail End Terminal |
CT-4 140£16 |
r Diate:
Cable Release Lever :flm
y:
Midwest Roadside e GEP
Safety Facility [T T e

Figure H-30. Cable Release Lever Details (English), Design No. 3
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[ =]

Crr

2’
BE
r [ _\Soil Plate
4" PLSO1
_—{— La |

Cable Guardrail
(Part G)

Safety Facility

Midwest Roadside

Post
Cable Guardrail End Terminal |
y CT-4 150f 16
y y Duale:
Cable Guardrail Post & RN
Cable Heights By
GEP
Drwwing Name: Seale: Rev:
CT-4 R6.dwg 1=10 KAP/ICH

Figure H-31. Line Post Nos. 8 through 17 Details (English), Design No. 3
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ITEM[QTY DESCRIPTION MATERIAL
gl | 10 |S76x8.5 Post XXX
g2 | 45 |Cable Hook Bolts XXX
55 g3 | 10 [Soil Plate A36 bmm Flate
VB hi 4 |cable— 77.42m 219mm 3x7 Wire rope
7w
167 3
| ( gy
1):
) ~ 1"

Shouldered Cable
Hook Bolt, FBHO4
(Part g2)

'

Soil Plate, PLSO1

S3x5.7 Post B (Part g3)
1 il End Termi -
(Parf g 1 ) pa— ; CabeGuardg%‘-“nd erningl 16 of 16
Cable Guardrail Post Parts 0]
By:
Midwest Roadside GEP
Safety Facility | 0 e ov 110 KAP/ICH

Figure H-32. Line Post Nos. 8 through 17 Details (English), Design No. 3
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Figure I-1.
Figure 1-2.
Figure 1-3.
Figure 1-4.
Figure I-5.
Figure 1-6.
Figure 1-7.

APPENDIX |

Accelerometer and Rate Transducer Data Analysis, Test CT-4

Graph of Longitudinal Deceleration, Test CT-4

Graph of Longitudinal Occupant Impact Velocity, Test CT-4
Graph of Longitudinal Occupant Displacement, Test CT-4
Graph of Lateral Deceleration, Test CT-4

Graph of Lateral Occupant Impact Velocity, Test CT-4
Graph of Lateral Occupant Displacement, Test CT-4

Graph of Yaw Angular Displacement, Test CT-4
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WA1T7: Lengitudinal Deceleration - 10-Msec Avg. - CFC 180
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W8: Lengitudinal Occupant Impact Velocity - CFC 180 Filtered Data - Test CT-4 (EDR-4)

25
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Sec

Figure 1-2. Graph of Longitudinal Occupant Impact Velocity, Test CT-4
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W9: Longitudinal Occupant Displacement - CFC 180 Filtered Data - Test CT-4 (EDR-4)
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Figure 1-3. Graph of Longitudinal Occupant Displacement, Test CT-4
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W8: Lateral Occupant Impact Velocity - CFC 180 Filtered Data - Test CT-4 (EDR-4)
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Fps

i
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Sec

Figure I-5. Graph of Lateral Occupant Impact Velocity, Test CT-4
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W$: Lateral Occupant Displacement - CFC 180 Filtered Data - Test CT-4 (EDR-4)

In.
N
o

0.0 0.1 02 03 04

Figure 1-6. Graph of Lateral Occupant Displacement, Test CT-4
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CT-4 Vehicle Yaw
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\
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Figure 1-7. Graph of Yaw Angular Displacement, Test CT-4
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