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Figure 23. Cable Numbers at Upstream Cable Anchor Bracket, Test No. HTCT-2

Table 2. Sequential Description of Impact Events, Test No. HTCT-2

22/(';;5 EVENT

0.000 The bogie impacted the cable release lever.
0.014-0.018 | Cable nos. 1, 3, and 4 released.

0.038 The impact tubes had rotated and impacted the ground.

0.094 The bogie impacted post no. 2.

0.104 The front tires became airborne.

0.180 The bogie impact post no. 3.

0.256 The left-rear tire became airborne.

0.266 The bogie impacted the top of post no. 4.

0.342 The right-rear tire became airborne.

0.352 The bogie impacted the top of post no. 5.

0.422 The right-rear tire contacted the ground.

0.440 The bogie impacted the top of post no. 6.

0.530 The bogie impacted the top of post no. 7.
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0.576 The left-rear tire contacted the ground.

0.624 The bogie impacted post no. 8.

0.676 The front tires contacted the ground.

0.724 The bogie impacted post no. 9.

0.784 Cable no. 2 released.

0.860 The bogie impacted the downstream cable release terminal.

Damage to the end terminal system was moderate, as shown in Figures 27 through 30.
The cable release lever was retained in the upstream cable anchor bracket. The kick plate had
some minor permanent deformation. Post nos. 2 through 9 were all bent downstream. Posts with
holes in the flanges at groundline all buckled at the holes, and the flanges tore from the upstream
edge to the location of the weakening holes.

Cable nos. 1, 3, and 4 released from the upstream cable anchor bracket early on the event,
However cable no. 2 did not release until the cable lost tension and the stress wave propagation
caused the cable to lift out, which occurred very late in the event. Cable no. 2 not releasing and
post no. 2 bending downstream may have contributed to the bogie becoming airborne during
most of the event.

The cable release lever released from the downstream cable anchor bracket. Cable nos. 1,
3, and 4 released from the downstream cable anchor bracket. Gouging was found in the steel
plate around the second cable notch on the downstream cable anchor bracket. The kick plate had
some minor permanent deformation. The bogie also sustained minor damaged to the tires and
tow pin.

The force vs. time is shown in Figure 31 and the peak forces from each post impact are
shown in Table 3. A peak force of 11.5 k (51.2 kN) occurred during the initial impact with the
cable release lever. Three combinations of post type and weakening hole size were explored, but

it was difficult to draw any conclusions about which combination performed the best. The peak
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forces from the accelerometer data varied significantly, even for the same post type, because the

bogie was airborne during much of the event, which changed the impact type and direction on

each post.
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0.000 sec

0.024 sec 0.644 sec

0.118 sec 0.854 sec

0.324 sec 1.080 sec

Figure 24. Sequential Photographs, Test No. HTCT-2
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Force vs. Time
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Figure 31. Force vs. Time, Test No. HTCT-2

Table 3. Peak Forces During Post Impacts, Test No. HTCT-2

Post Type Post Number Peak Force
3 7.4 k (33.0 kN)
M6x4.4 (M152x6.5) 6 4.1k (18.3kN)
: . 2 14.9 k (66.3 kN)
3/9
X akening holes ‘ LAk e
7 7.3 k(32.4 kN)
: : 5 6.1 k (27.3 kN)
5/9
: stz
g 9 16.1 k (71.5 kN)
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5 SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

Two bogie tests were conducted on the redesigned high-tension cable end terminal. In
test no. HTCT-2, the target impact conditions were a speed of 45 mph (72 km/h) and an angle of
0 degrees, which is end-on to the terminal. In test no. HTCT-3, the target impact conditions were
a speed of 45 mph (72 km/h) and an angle of 25 degrees.

The cable release lever rotated to the ground and was retained with the rotational bolt in
both the 0-degree and 25-degree impacts. Therefore, the cable release lever did not show the
potential to penetrate a vehicle floorpan or cause undesirable rotations of the vehicle that was
seen in prior testing [1].

The cables released between 0.014 seconds to 0.018 seconds after impact in the end-on
impact. However, the second cable did not release from the cable anchor bracket as desired. The
cables released between 0.026 seconds to 0.056 seconds after impact in the 25-degree impact.
These release times were later than desired, and were believed to be due in part to the washers
snagging on the cable plate notches. The delayed release contributed to the bogie becoming
airborne and subsequently rolling over.

Minimal permanent deformation was found in the kick plate in test no. HTCT-2, which
may have contributed to the second cable not releasing from the terminal as desired. More
significant permanent deformation was found in the kick plate and vertical tubes in test no.
HTCT-3. However, no permanent deformation was found in the fixed portion of the cable anchor
bracket.

Due to the delayed release time, the terminal needs to be redesigned and evaluated
according to MASH to promote a quick release of all cables and to minimize vehicle instabilities.

The overall height of the cable anchor bracket was less than 4 in. (102 mm). However, when the
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Item No.| QTY. Description Material Specifications Hardware Guide Reference
al 2 Cable Anct:or Bracket Base Plate, 19 3/4" x 10 ASTM A36 Steel ) H# 051257 Req# 12-0438
1/4" x 1/2" [502 x 260 x 12.7]
Cable Release Lever Impact Tube, 11/2"x 1 H# 804674 Req# 12-0438
a2 4 1/2"x 1/4" [38x 38 x 6.4] ASTM A500 Grade B -
Cable Release Lever Base Plate, 17 1/2" x 4 H# AN0650-04 Req# 12-0438
a3 2 |7/16"x5/8" [445x 113x 15.9] ASTM A36 Steel -
Cable Release Lever Support Gusset, 3 11/16" x H# 051257 Req# 12-0438
a4 4 . " ASTM A36 Steel -
23/8"x 1/2" [93x 60x 12.7]
Cable Release Lever Rotation Bracket, 2" x 2" x H# V913789 Req#t 12-0438
a5 4 | /2" [51x 51x 12.7] ASTM A36 Steel -
Cable Anchor Bracket Exterior Gusset, 6" x 3 H# 051257 Req# 12-0438
a6 4 | /4" x 1/2" [152x 83 % 12.7] ASTM A36 Steel -
Cable Anchor Bracket Interior Gusset, 3 5/16" x H# 051257 Req# 12-0438
a7 6 |31/4"x1/2" [84x83x 12.7] ASTM A36 Steel -
2 Cable Anchor Bracket Cable Plate, 193/4" x 3 ASTM A36 Steel H# AN0650-04 Req# 12-0438
as 5/8"x 5/8" [502x 92 x 15.9] TM A36 Stee .
a9 4 Cable Anchor Bracket Rotation Bracket, 55/8" x ASTM A36 Steel ; H# 051257 Req# 12-0438
31/2"x1/2" [142 x 89x 12.7]
3/4"-UNC 10 x 20" [M19x508] Long Hex Bolt and Nut: 3/4"-10 A563GR.DGHvyHexNut
alo0 2 |nut ASTM A307 - Lot#170277 / Bolt: 3/4" UNC-10
Threaded Rod ASTM A449 Gr. 2
3/4" [19] Hex Nut Lot#133507 12-0364
all 16 [/4 1o HexNu ASTM A563M - ©
3/4"-UNC 10x 13 3/4" [19x349] Long Threaded Lot# 032677 Heat# 9476653 Req#
al2 16 |pog ASTM A449 - 12-0428
213 20 [3/4"[19] Flat Washer ASTM F844 SAE Grade 2 FWC20a PFC Lot#10072310 12-0364
bl 2  |Cable Hanger ASTM A36 Steel - N/A
S3x5.7 [S76x8.5] Post, 49" [1778] Long (Cable ASTM A572 GR50-07, ASTM A709 GR50- Post: blue paint
b2 1 Hangar and 3/8" [10] Weakening Holes) 09A, ASTM A992-06A °
b6 1 $3x5.7 [S76x8.5] Post, 49" [1778] Long (Cable | ASTM A572 GR50-07, ASTM A709 GR50- Post: blue paint
Hangar and 5/8" [16] Weakening Holes) 09A, ASTM A992-06A )
CMB High Tension Anchor Plate Washer, 3" x 2 Req# 11-0341
cl 8 |5 /8" x 1/2" [76x 60 12.7] ASTM A36 Steel -
3/4" [19] 3x7 Cl A Galvanized High Strength Pre- "c-2"
AASHTOM30 T 1Class A -
c2 4 Stretched Cable Guiderail ype ass
c3 16 7/8" [22] Hex Nut ASTM A563M RCEO3 4CMB Supply
c4 16 7/8"-UNF 14 x 11" [22x279] Threaded Rod ASTM A449 RCEO3 4CMB Supply
c5 16 Bennet Cable End Fitter ASTM A47 RCEO3 ACMB Supply
6 16 7/8" [22] Square Nut SAE Grade 5 FNS20 REGULAR NUT SAME AS
¢ rade ¢3_4CMB SUPPLY
c7 4 Bennet Short Threaded Turnbuckle As Supplied _ ACMB Supply
- - Powers Fasteners Epoxy AC100+Gold - €293/ MAY13
Figure A-2. Bill of Materials, Test No. HTCT-3

60



