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DISCLAIMER STATEMENT
This report was completed with funding from the Federal Highway Administration, U.S.
Department of Transportation. The contents of this report reflect the views and opinions of the
authors who are responsible for the facts and the accuracy of the data presented herein. The
contents do not necessarily reflect the official views or policies of the state highway departments
participating in the Midwest States Regional Pooled Fund Program nor the Federal Highway
Administration, U.S. Department of Transportation. This report does not constitute a standard,

specification, regulation, product endorsement, or an endorsement of manufacturers.

UNCERTAINTY OF MEASUREMENT STATEMENT
The Midwest Roadside Safety Facility (MwRSF) has determined the uncertainty of
measurements for several parameters involved in standard full-scale crash testing and non-
standard testing of roadside safety features. Information regarding the uncertainty of
measurements for critical parameters is available upon request by the sponsor and the Federal
Highway Administration. Test nos. HTCT-2 and HTCT-3 were non-certified component tests

conducted for research and development purposes only.
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1 INTRODUCTION

1.1 Background

A three-cable, low-tension end terminal system, shown in Figure la, was previously
developed and successfully tested at the Midwest Roadside Safety Facility [1] according to the
safety performance criteria specified in the National Cooperative Highway Research Program
(NCHRP) Report No. 350 [2]. The low-tension end terminal system was modified to add a fourth
cable, shown in Figure 1b, during the development of a four-cable, high-tension cable median
barrier [3-5]. However, the high-tension end terminal was never subjected to full-scale crash
testing according to the safety performance criteria specified in NCHRP Report No. 350 or the

current Manual for Assessing Safety Hardware (MASH) [6].

s

(a) 3-cable, low-tension S )-abl, hih-tnsion

Figure 1. Cable End Terminal Systems
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A dynamic bogie test, test no. HTCT-1, was conducted on the high-tension end terminal
system at a velocity of 44.9 mph (72.3 km/h) and at an angle of O degrees, or end-on to the
system [7]. Several things were noted from this testing:

(1) All four cables released by 18 ms after impact;

(2) The notched cable plate, which held the cables in place, sustained permanent

deformation;

(3) The cables wrapped around the cable release lever and pulled it downstream; and

(4) When the cables were tensioned, the clearance between the cable anchorage fittings

was limited.

Prior testing with the low-tension end terminal showed the cables released approximately
8 ms after impact [1]. While the 18 ms release times seen in test no. HTCT-1 did not produce an
undesirable behavior, a quicker release time, similar to the 8 ms seen in the low-tension cable
end terminal tests, was desired.

Prior testing also demonstrated that the cable release lever could potentially become a
tripping hazard for the vehicle when it is pulled downstream by the cables and may cause vehicle
instabilities [1]. Therefore, it was important that the cables did not wrap about the release lever
and that the lever was retained on the cable anchor bracket in an end-on or angled impact on the
upstream end terminal.

According to AASHTO’s Standard Specifications for Structural Supports for Highway
Signs, Luminaires, and Traffic Signals, substantial remains of breakaway supports shall not
project more than 4 in. above groundline, so that a car can easily traverse above any remaining
stub. MASH does not have any requirements for the stub height of fixed supports. While the
cable anchor bracket assembly is not technically a breakaway support, the fixed anchor portion

of the assembly could potentially cause vehicle instabilities due to undercarriage snag or wheel
2
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override if the anchor stub is too high. Therefore, the height of the bracket was reduced to 4 in.
(202 mm) to conform to the AASHTO specification.

Eliminating permanent deformations in the anchor bracket and release lever and adding
more clearance around the cable anchorage fittings were also desired. So, the cable end terminal
was redesigned in a prior project, and finite element analysis demonstrated that the new end
terminal design met the desired goals [7].

1.2 Objectives

The objective was to determine through dynamic testing if the performance of the
redesigned high-tension end terminal system met all of the desired goals: quick cable release
times, cable release lever retained in anchor bracket when impacted, no permanent deformation,
stub height below 4 in. (102 mm), and more clearance around the cable anchorage fittings.

1.3 Scope

Two dynamic bogie tests were conducted on the high-tension cable end terminal. The
first test had a targeted impact speed of 45 mph (72 km/h) oriented end-on to the terminal (i.e. 0
degree impact). The second test had a targeted impact speed and angle of 45 mph (72 km/h) and
25 degrees, respectively. A summary, discussion, and conclusions of the dynamic tests were

provided.
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2 DESIGN DETAILS

The cable barrier system consisted of three main components: (1) cable anchor bracket
assemblies; (2) line posts; and (3) system cables. Descriptions of each of these assemblies are in
the following sections. System details are shown in Figures 2 through 18. System photographs
are shown in Figures 19 and 20 for test nos. HTCT-2 and HTCT-3, respectively. Material
specifications, mill certifications, and certificates of conformity for the end terminal systems are
shown in Appendix A.

2.1 Cable Anchor Bracket Assemblies

The cable anchor bracket assemblies consisted of several components. The cable release
lever consisted of two 20-in. (508-mm) long, 1%.-in. X 1%-in. X Y-in. (38-mm x 38-mm x 6.35-
mm) thick steel vertical tubes welded to a 4'/1 in. X 17%-in. X %-in. (113-mm x 445-mm x 16-
mm) thick steel kick plate. The horizontal cross member that was previously between the vertical
tubes was removed to keep the cables from wrapping around the cable release lever.

Two %2-in. (12.7-mm) thick rotation support brackets were welded to the underside of the
kick plate. A %-in. (19-mm) diameter threaded rod with a washer and nut on each end was
inserted through the rotation support brackets. The %-in. (19-mm) diameter threaded rod was
then inserted into a slot in the cable anchor assembly. This created a joint that allowed the cable
release lever to rotate, but still be retained within the cable anchor bracket.

The cable anchor bracket consisted of a 10%-in. X 19%-in. X %-in. (260-mm x 502-mm x
12.7-mm) thick steel baseplate with a 3%-in. X 19%-in. x %-in. (92-mm x 502-mm x 16-mm)
thick steel cable plate welded at a 65-degree angle. Four 1%-in. (28.58-mm) diameter notches
were cut into the cable plate in order to secure the cables to the assembly. A %-in. (12.7-mm)

thick gusset was welded to the cable plate and base plate on each side of the cable notches.
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The cable anchor brackets were secured to the testing surface using eight %-in. (19.05-
mm) diameter ASTM A193 Grade B7 threaded rods with hex nuts and washers. The threaded
rods were epoxied 12-in. (305-mm) into the concrete.

2.2 Line Posts

Weakening the line posts was explored in test no. HTCT-2 by adding holes in both
flanges at groundline and by changing the post shape. Eight line posts were installed between the
upstream and downstream cable anchor brackets, designated post no. 1 and post no. 10,
respectively. Post no. 2 was an S3x5.7 (S76x8.5) post with a cable hangar bracket and 3z-in.
(9.53-mm) diameter weakening holes. Post nos. 3 and 6 were M6x4.4 (M152x6.5) posts without
weakening holes. Post nos. 4 and 7 were S3x5.7 (S76x8.5) posts with ¥z-in. (9.53-mm) diameter
weakening holes. Post nos. 5 and 8 were S3x5.7 (S76x8.5) posts with %-in. (15.88-mm) diameter
weakening holes. Post no. 9 was an S3x5.7 (S76x8.5) post with a cable hangar bracket and %-in.
(15.88-mm) diameter weakening holes.

In test no. HTCT-3, only two line posts were installed between the upstream and
downstream cable anchor brackets, designated post no. 1 and post no. 4, respectively. Post no. 2
was an S3x5.7 (S76x8.5) post with a cable hangar bracket and 3sz-in. (9.53-mm) diameter
weakening holes. Post no. 3 was an S3x5.7 (S76x8.5) post with a cable hangar bracket and %-in.
(15.88-mm) diameter weakening holes. The line posts in test nos. HTCT-2 and HTCT-3 were
embedded 18 in. (457 mm) in 4-in. (102-mm) diameter holes that were cored in the concrete
tarmac.

2.3 System Cables

Four %-in. (19.1-mm) diameter, 3x7 wire rope cables were used in the barrier system.

The cables were tightened to approximately 4,200 Ib (18.7 kN) through the use of cable

turnbuckles. The ends of the cable contained 7&-in. (22-mm) diameter threaded rod fittings that
5
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terminated in the cable anchor bracket. Each threaded rod was secured in the cable plate notches
with a 3-in. X 2%-in. X %2-in. (76-mm x 60-mm x 12.7-mm) thick plate washer and two heavy hex

nuts.
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18". Install post_into hole and shim tightlé. Minimum coring bit
diameter of 4" [102] is required for the S3x5.7 [S76x8.5] post type.

Concrete T
Apron T & & T
Laz 5/8" | 504" @ | 82 5/8"J
[2099] 1 [12802] ™ [2099]
ELEVATION VIEW
Notes: (1) Tension to 4200 +200 Ib. [18.7 890 N]. Use tension meter to
measure tension in cables.
(2)  Mount bogie impact head at a height of 19" [483]. . .
(3) Aign the centerline of the bogie impact head with the center of the fighe_tension: Cable
cable release lever assembly at a 25° angle.
(4)  For, terminal post installation, core hole into concrete to a depth of

Midwest Roadside| Impac

Bogie tSetup — 25-Degree

Sofety FQCIIIty DWG. NAME. SCALE: 1:100 |[REV. BY:

HTCT-2,3_R5 UNITS: In.[mm] SEFS'/KAL/

Figure 3. Bogie Testing Matrix and Setup, Test No. HTCT-3
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Cable End Fitter Assembly

cl

c3 Hi

)

DETAIL A

High—Tension Cable
Terminal

Midwest Roadside| ¢ Amonr Peterl View
SOfety FOCIIIty DWG. NAME. TS

HTCT—-2,3_R5 UNITS: In.[mm] SEE/KAL/

Figure 4. Cable Anchor Assembly Detail View, Test Nos. HTCT-2 and HTCT-3
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PLAN VIEW

Cable Release
/Lever Assembly

Cable Anchor

ELEVATION VIEW

Note: (1) Threaded rods are to be anchored with Powers AC100 Gold Epoxy or
equivalent.

PROFILE VIEW

Midwest Roadside
Safety Facility

High—Tension Cable
Terminal

Cable Anchor — Anchorage
Detail

DWG. NAME. SCALE: 1:10

HTCT-2,3_RS UNITS: In.[mm] [cSS/KAL/

RKF

Figure 5. Cable Anchor Anchorage Detail, Test Nos. HTCT-2 and HTCT-3
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1/8" [3.2]
—%\1 72" [12.7]

AN
1/2" 13/

% "'I 1/.91
3 344 3 3/4
[=5] 4 1/2" 1/ B
[11/4] [114]
— PLAN VIEW
1/2" [13]

ELEVATION VIEW

(Typ.)

(Typ.)

[

e\

°]

1

PROFILE VIEW

i Yreer

Midwest Roadside
Safety Facility

High—Tension Cable
Terminal

Cable Anchor Bracket Details

DWG. NAME. [SCALE: 1:8

HTCT-2,3_RS UNITS: In.[mm] [cSS/KAL/

RKF

Figure 6. Cable Anchor Bracket Details, Test Nos. HTCT-2 and HTCT-3
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ELEVATION VIEW

(Typ.) 75 6]

| o
o

ELEVATION VIEW PROFILE VIEW

e

High—Tension Cable
Terminal

SHEET:
6 of 17

DATE:
11/27/2013)
DRAWN BY:
% 5 Cable Release Lever Assembl
Midwest Roadside| Betails YRy
Sofety FOCIllty DWG. NAME. |§w_s: 18  |REV. BY:
HTCT-2,3_R5 UNTS: in.[mm] g@m/

Figure 7. Cable Release Lever Assembly Details, Test Nos. HTCT-2 and HTCT-3
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- 19 3/4" i 1/2"

[502] [13]—‘| "'

p1” (TYP) i
(23] -—J736¥
TYPA‘ 10 1/4"
[260] ]
3 7/8"

T ~D——D——D e

it g — 1 Ly

TYP
ELEVATION VIEW PROFILE VIEW
Part a1l
» 1. 1/2” 2 "
2 3/8 7/16 2" (Typ.)
[66] B 34] ] 12] (51]
yP-) ;
1 5/8"
3 5/8" + ' ER [42] |
[92] T
e 200 (Typd), o) \__R9/16" (Typ.) _l -
[127] 19 3/4" [14] [1/5]
[502]
ELEVATION VIEW PROFILE VIEW
Part a8 i
High—Tension Cable 710817
Terminal s
11/27/2013)
Cable Anchor Bracket prm e
Midwest Roadside| Gomponent Details . R
Safety Facility [ ™* SORE 74 |Fsv, 57
HTCT-2,3_R5 UNITS: In.[mm] sag/KAL/

Figure 8. Cable Anchor Bracket Component Details, Test Nos. HTCT-2 and HTCT-3
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[152]

ELEVATION VIEW
Part a6

5 5/8"

[142]

3 1/8"

— ol — -

1.9/16”

[40]

(6]

110>
/2"
[13] —

\ )
!

17/16"
[36]

ELEVATION VIEW
Part a9

\937/8

[22]

" ——

1/2"

[13]

1 1/16"
] [27]
PROFILE VIEW
3 5/16"
[84]
i
1"
[25]
3 1/4" I
11/32’" f [83] |
| [13] ELEVATION VIEW
Part a7

PROFILE

VIEW

1/2"
[13]

PROFILE VIEW

Terminal

Cable Anchor Bracket
Component Details

Midwest Roadside

High—Tension Cable

RJT/CWP
/SDB/

DWG. NAME.
HTCT-2,3_R5

Safety Facility

SCALE: 1:2
UNITS: In.[mm] [CSS/KAL,
{rm][cSs/KkAL/

Figure 9. Cable Anchor Bracket Component Details, Test Nos. HTCT-2 and HTCT-3
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1 1/2%

[38] { »
1/4” 11/2" 13—+
Ok | ES T T
R1/4" (vP) T
[6] PLAN VIEW
3[813{:? 3 11/16"
[93]
% I Lo
2 3/8"
[60]
ELE\{S”,'?N 4VIEW PROFILE VIEW
art a
20 /8" --7/;-—- By SCALE 1:2
(5111 17 NI ¢7/8" 1/2"
- [22] [13]
I
15/8”
[26]
1
| 13/16"
1/4" ~ [21]
b/
__I.— 7l ELEVATION VIEW PROFILE VIEW
T Part a5
ELEVATION VIEW PROFILE SCALE 1:2
Part a2 VIEW
5/8" 17 1/2"
et [445] i
[SHEET:
N High—Tension Cable b W
4 ﬁ{ :15]5 Te?minal OATE:
11/27/2013)
Midwest Roadside SO?I@’ Release Lever Component ;z//w:gg;
etalls
Part a3 HTCT-2,3_R5 UNITS: In.[mm] css/kaL/

Figure 10. Cable Release Lever Component Details, Test Nos. HTCT-2 and HTCT-3
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2 5/16"

e 1/2" 2"
1 1/186" 1/2" [59] _3,‘; 657 i [51]
[27] ‘I[w] (76] gf
—;_F PLAN VIEW PLAN VIEW
- |
i 15" 3
1 [381] 1 378" [76]
| [35]
N
| S b
1/4" [6] . I [57]
3 17
[787] ELEVATION VIEW PROFILE VIEW
Part b1
49" I »
| 1 5/16
[1245] | : [3{”
[ 3/4"
" i &
—_—
7/8"
S 5 7/16” w7/ [22]
(111 i (1]
s ah g R 2 ol .
1 8”
o T o
. - HQF'FS" kii”'{a‘gtth |
ELEVATION VIEW PROFILE VIEW —L)I;“ﬁ- Groutd Line
Post Nos. 2 and 9 Assembly + (Ses Toble Helow

for Dimensions

ELEVATION VIEW

Part b2 or b6 DETAIL B
SCALE 1 : 2
SHEET:
High—Tension Cable Oaere
Note: (1) Cable hangar posts in test no. HTCT—3 will utilize identical assemblies as Terminal e
used in post nos. 2 and 9 in test no. HTCT—-2. oy T
Diameter of p N & 5 . DRAWN BY:
rost e rert Mo Weakening Holxs Midwest Roadside| ~°* "> ? b R
2 b2 3/8710 Safety Facility [ ™= e P
9 b6 5/8"16 2,3 : i fcs v/

Figure 11. Post Nos. 2 and 9 Details, Test Nos. HTCT-2 and HTCT-3
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[13] ®5/16"
[8] s
R1/2"
[13] 1" P
= [25] [ [25] ., s
! ; 31
1 1/4” s
[32/] I\
S
S
1 1/4" | SN A—
[32/] 7 18 11/16” LA
7/16" [475]
12 1" O F
R1/2" [12] [25] 7t N A—
[13] 7 c
oncrete
__rfz/(l? Apron
= | T | e
$9/16” QD; = ¢5/16" 13" [“3"]
— 1/8" (8] 457 457
[14] R1/8”/’|"[/3] L e
3] m m —I I[
Part b8: Two Options
SCALE 1:2 PROFILE VIEW PROFILE_VIEW
Post Nos. 3 and 6 Post Nos. 4, 5, 7, and 8

High—Tension Cable
Terminal
Note: (1) Either FBHO1 or FBHO4 can be utilized for Part b8 of the

High—Tension Cable Terminal.

Terminal Posts with Hook Bolts (ry/cw

Midwest Roadside| Details
Sofety FOCIllty DWG. NAME. S Th

HTCT—-2,3_R5 UNITS: In.[mm] SEE/KAL/

Figure 12. Terminal Posts with Hook Bolts Details, Test Nos. HTCT-2 and HTCT-3
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—

__7/1__

{__

1

®3/8”
10
Typ.

49"
245
1 2 1

ELEVATION VIEW

49"
[1245]

[ 4 ] ¢3168"
102
= g

/ Typ.

[787]

Weakening Holes
in Both Flanges
at Groundline

(See Table Below

_EI,_

ELEVATION VIEW
Part b4 or b5

for Dimensions)

Part b3
Post No. Part No. Post Type Diometer’_%fle\gleokening

M6x4.4

3 b3 [M152x6.5] =
S3x5.7 »

4 b4 [S76x8.5] 3/8"[10]
S3x5.7 ”

5 b5 (S8 5] 5/8"[16]
M6x4.4

6 b3 [M152x6.5] -
S3x5.7 »

7 b4 [S76x8.5] 3/8"[10]
SEx5:7 ”

8 b5 [S76x8.5] 5/8"[16]

Midwest Roadside
Safety Facility

[SHEET:

High—Tension Cable S

Terminal DATE:
11/27/2013
DRAWN BY:

Terminal Post Details RaT/cWe/
JGF/SDB

DWG. NAME.
HTCT-2,3_R5

ISCALE: 1:8 REV. BY:
UNITS: In.[mm] |CSS/KAL,
[ ] RKF/ /

Figure 13. Terminal Post Details, Test Nos.

HTCT-2 and HTCT-3
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c2

2

cb

[

I

ELEVATION VIEW

Cable End Assembly

c5

ELEVATION VIEW
Cable Splice Assembly

2 3/8"

[60]

__L

1 1/2%
[38] | ]

[76] =T
@1 1/8”"
/ e | /i
1.3/16" 1/2"
[30] — [13]
ELEVATION VIEW PROFILE VIEW
Part c1
SCALE 1:2
[SREET:
High—Tension Cable ek 42
Terminal T
11/27/2013)
Cable End Assembly and ——
Midwest Roadside| Gable Splice Assemibly Details |5/3%/

Safety Facility

DWG. NAME. SCALE: 1:6
HTCT-2,3_R5

REV. BY:
UNITS: In.[mm] E%S/KAL/

Figure 14. Cable End Assembly and Cable Splice Assembly Details, Test Nos. HTCT-2 and HTCT-3
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Item

No. QrY. Description Material Specifications Hardware Guide
al 2 |Cable Anchor Bracket Base Plate, 19 3/4" x 10 1/4” x 1/2" [502 x 260 x 12.7] ASTM A36 Steel -
a2 4 |Cable Release Lever Impact Tube, 1 1/2" x 1 1/2” x 1/4” [38 x 38 x 6.4] ASTM A500 Gr. B -
a3 2 |Cable Release Lever Base Plate, 17 1/2" x 4 7/16" x 5/8" [445 x 113 x 15.9] ASTM A36 Steel -
a4 4 |Cable Release Lever Support Gusset, 3 11/16” x 2 3/8" x 1/2" [93 x 60 x 12.7] ASTM A36 Steel -
a5 4 |Cable Release Lever Rotation Bracket, 2” x 2" x 1/2” [61 x 51 x 12.7] ASTM A36 Steel -
ab 4 |Cable Anchor Bracket Exterior Gusset, 6” x 3 1/4" x 1/2" [152 x 83 x 12.7] ASTM A36 Steel —
a7 6 [Cable Anchor Bracket Interior Gusset, 3 5/16” x 3 1/4” x 1/2" [84 x 83 x 12.7] ASTM A36 Steel -
a8 2 |Cable Anchor Bracket Cable Plate, 19 3/4” x 3 5/8" x 5/8"” [502 x 92 x 15.9] ASTM A36 Steel -
a9 4 |Cable Anchor Bracket Rotation Bracket, 5 5/8" x 3 1/2" x 1/2" [142 x 89 x 12.7] ASTM A36 Steel -
al0 2 |3/4” [19] Dia. UNC, 20" [508] Long Hex Bolt* and Nut ASTM A307
all 16 |3/4” [19] Dia. UNC Heavy Hex Nut ASTM A563 Gr. A -
" " " ASTM A449/ASTM A193 Gr. B7
al2 16 |3/4" [19] Dia. UNC, 13 3/4" [349] Long Threaded Rod Galv. or Stainless/SAE Gr. 5 =
al3 20 |(3/4” [19] Dia. Plain Round Washer ASTM F844/ SAE Gr. 2 FWC20a
* A 22" [5593J long threaded rod may be substituted for the part no. a10 if
necessary. Use of threaded will require two extra hex nuts and flat washers.
SHEET:
High—Tension Cable it
Terminal DATE:
11/27/2013
ail ‘M t DRAWN BY:
. . ill_of Materials
Midwest Roadside 0—Degree Impact R.n"'y/%;/
SOfety FGCIIIty DWG. NAME. [SCALE: NONE [REV. BY:
HTCT-2,3_R5 UNITS:  In.[mm)] s?m/

Figure 15. Bill of Materials, Test No. HTCT-2
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Item

Safety Facility

No. QrY. Description Material Specifications Hardware Guide
b1 2 |Cable Hanger ASTM A36 Steel -
b2 1 [S3x5.7 [S76x8.5) Post, 49" [1245] Long (Cable Hangar and 3/8" [10] Weakening Holes) AST(N;AR51\()53(2)92'R5ACS>?37A9/352T_NAO€ZOQ -
» ASTM A572 GR50-07, ASTM A709 _
b3 2 |M6x4.4 [M152x6.5] Post, 49” [1245] Long GR50—09A, ASTM A992-06A
» . » . A
b4 | 2 [S3x5.7 [S76xB.5] Post, 49" [1245] Long (With @3/8" [10] Weakening Holes) A2 2o e Adte e 09 -
b5 | 2 [S3x5.7 [S76x8.5] Post, 49" [1245] Long (With ¢5/8" [16] Weakening Holes) A5 B e hea Mo dn O° -
» " . AST 7 R50-07 7
b6 1 |S3x5.7 [S76x8.5] Post, 49" [1245] Long (Cable Hangar and 5/8” [16] Weakening Holes) |ASTM 4572 CR20-07, ASTM &1 0° -
b7 48 |5/16" [8] Dia. UNC Hex Nut ASTM A307 -
b8 | 24 |Low—Tension, Cable Hook Bolt or Shouldered Cable Hook Bolt AR, 0 ISLS S T PR &
cl 8 |CMB High Tension Anchor Plate Washer, 3" x 2 3/8" x 1/2" [76 x 60 x 12.7] ASTM A36 Steel -
c2 4 |@3/4” [19] Cable AASHTO M30 Type 1 Class A -
¢3 | 16 |7/8" [22] Dic. UNC Heavy Hex Nut ASTM A563 Gr. C RCEO3
» 5 » ASTM A449/ASTM A193 Gr. B7
c4 | 16 [7/8" [22] Dia. UNC, 11" [279] Long Threaded Rod e Y ILEP L RCEO3
c5 16 |Bennet Cable End Fitter ASTM A47 RCEO3
c6 16 |7/8" [22] Dia. UNC Square Nut SAE Gr. 5 FNS20
c7 4 |Bennet Short Threaded Turnbuckle As Supplied -
[SHEET:
High—Tension Cable st 17
Terminal DATE:
11/27/2013
Bill_of Material P
. X ill_of Materials
Midwest Roadside| 0-Degree Impact S/

DWG. NAME.
HTCT-2,3_R5

ISCALE: NONE

REV. BY:
UNITS:  In.[mm)] g%g/m/

Figure 16. Bill of Materials, Test No. HTCT-2
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Safety Facility

l&eon.w QTY. Description Material Specifications Hardware Guide

al 2 |Cable Anchor Bracket Base Plate, 19 3/4" x 10 1/4” x 1/2" [502 x 260 x 12.7] ASTM A36 Steel -

a2 4 |Cable Release Lever Impact Tube, 1 1/2" x 1 1/2" x 1/4” [38 x 38 x 6.4] ASTM A500 Gr. B -

a3 2 |[Cable Release Lever Base Plate, 17 1/2" x 4 7/16” x 5/8" [445 x 113 x 15.9] ASTM A36 Steel -

a4 4 |Cable Release Lever Support Gusset, 3 11/16” x 2 3/8" x 1/2" [93 x 60 x 12.7] ASTM A36 Steel -

a5 4 |Cable Release Lever Rotation Bracket, 2" x 2” x 1/2" [51 x 51 x 12.7] ASTM A36 Steel -

ab 4 |Cable Anchor Bracket Exterior Gusset, 6" x 3 1/4" x 1/2" [152 x 83 x 12.7] ASTM A36 Steel -

a7 6 |Cable Anchor Bracket Interior Gusset, 3 5/16” x 3 1/4" x 1/2" [84 x 83 x 12.7] ASTM A36 Steel —

a8 2 |Cable Anchor Bracket Cable Plate, 19 3/4" x 3 5/8" x 5/8” [502 x 92 x 15.9] ASTM A36 Steel -

a9 4 |Cable Anchor Bracket Rotation Bracket, 5 5/8” x 3 1/2” x 1/2” [142 x 89 x 12.7] ASTM A36 Steel -

a10 | 2 |3/4" [19] Dia. UNC, 20" [508] Long Hex Bolt* and Nut ASTM A307 Gr. A -

all 16 |3/4" [19] Dia. UNC Heavy Hex Nut ASTM A563 Gr. A -

a2 | 16 |3/4" [19] Dia. UNC, 13 3/4" [349] Long Threaded Rod AR, "o Y omosay At o7 B -

al3 20 |3/4" [19] Dia. Plain Round Washer ASTM F844/ SAE Gr. 2 FWC20a

" ReSlsstn. 0SS Mirsades Wil Teqlire’ tub Sutre hex nifs Gng fiok washers.
SHEET:

High—Tension Cable 16 o 17
Terminal T
11/27/2013
DRAWN BY:
Midwest Roadside| 25-Begree- mpact Rl

DWG. NAME.
HTCT-2,3_R5

SCALE: NONE |REV. BY:
UNITS: In.| CSS/KAL,
n[rom]|css/kaL/

Figure 17. Bill of Materials, Test No. HTCT-3
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’_R,ET QTY. Description Material Specifications H%’ﬂ:re
b1 2 |Cable Hanger ASTM A36 Steel -
b2 1 [s3x5.7 [S76x8.5] Post, 49" [1245] Long (Cable Hangar and 3/8" [10] Weakening Holes) | ASTALSS72 OR20-07, JOTM 6w 0° =
b6 | 1 [S3x5.7 [S76x8.5] Post, 49" [1245] Long (Cable Hangar and 5/8” [16] Weakening Holes) | ASTM.A572 GRO0-07, ASTM A709 -
cl 8 |CMB High Tension Anchor Plate Washer, 3" x 2 3/8” x 1/2" [76 x 60 x 12.7] ASTM A36 Steel -
c2 4 |@¢3/4” [19] Cable AASHTO M30 Type 1 Class A -
c3 16 |7/8" [22] Dia. UNC Heavy Hex Nut ASTM A563 Gr. C RCEO03
c4 | 16 |7/8" [22] Dia. UNC, 11" [279] Long Threaded Rod Ao, o Yamiessysat o & RCEO3
cS 16 |Bennet Cable End Fitter ASTM A47 RCEO3
6 16 |7/8" [22] Dia. UNC Square Nut SAE Gr. 5 FNS20
c7 4 |[Bennet Short Threaded Turnbuckle As Supplied —

High—Tension Cable
Terminal

Bill of Materials

Midwest Roadside| 25-Degree Impact

SOfety FGCi“ty DWG. NAVE. SCALE: NONE |REV. BY:

HTCT-2,3_RS UNTS: In.[mm]|CSS/KAL,
[ oSS /krL/

Figure 18. Bill of Materials, Test No. HTCT-3
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Figure 19. System Photographs, Test No. HTCT-2
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Figure 20. System Photographs, Test No. HTCT-3
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3 COMPONENT TEST CONDITIONS

3.1 Scope

Two dynamic tests were conducted on the redesigned high-tension cable end terminal at
the MwRSF Proving Grounds in Lincoln, Nebraska. In test no. HTCT-2, the target impact
conditions were a speed of 45 mph (72 km/h) and an angle of O 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. Since the activation of the cables should behave similarly at 45 mph (72
km/h) and 60 mph (100 km/h), the lower impact speed was selected for component testing. The
impact height was 19 in. (483 mm) above the groundline. The test matrix is shown in Figures 2
and 3 for test nos. HTCT-2 and HTCT-3, respectively.
3.2 Equipment and Instrumentation

Equipment and instrumentation utilized to collect and record data during the dynamic
bogie tests included a bogie, accelerometers, pressure tape switches, high-speed and standard-
speed digital video, and still cameras.

3.2.1 Bogie

A rigid frame bogie was used to impact the cable end terminal. A variable height,
detachable impact head was used in the testing. The bogie head was constructed of 8-in. (203-
mm) diameter, %2-in. (13-mm) thick standard steel pipe, with %-in. (19-mm) neoprene belting
wrapped around the pipe to prevent local damage to the post from the impact. The impact head
was bolted to the bogie vehicle, creating a rigid frame with an impact height of 19 in. (483 mm).
The bogie with the impact head is shown in Figure 21. The weight of the bogie with the addition
of the mountable impact head and accelerometers was 1,861 Ib (844 kg) in test no. HTCT-2 and

1,853 Ib (841 kg) in test no. HTCT-3.
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Figure Zi. Rigid Frame Bogié on Guidanée Tr_‘ac.kr

A pickup truck with a reverse cable tow system was used to propel the bogie to the target
impact speed. When the bogie approached the end of the guidance system, it was released from
the tow cable, allowing it to be free rolling when it impacted the post. A remote braking system
was installed on the bogie, allowing it to be brought safely to rest after the test.

3.2.2 Accelerometers

Two accelerometer systems were mounted on the bogie vehicle near its center of gravity
to measure the acceleration in the longitudinal, lateral, and vertical directions. However, only the
longitudinal acceleration was processed and reported.

The first system, SLICE 6DX, was a modular data acquisition system manufactured by
DTS of Seal Beach, California. The acceleration sensors were mounted inside the body of the
custom-built SLICE 6DX event data recorder and recorded data at 10,000 Hz to the onboard
microprocessor. The SLICE 6DX was configured with 7 GB of non-volatile flash memory, a
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range of £500 g’s, a sample rate of 10,000 Hz, and a 1,650 Hz (CFC 1000) anti-aliasing filter.
The “SLICEWare” computer software program and a customized Microsoft Excel worksheet
were used to analyze and plot the accelerometer data.

The second system, Model EDR-3, was a triaxial piezoresistive accelerometer system
manufactured by IST of Okemos, Michigan. The EDR-3 was configured with 256 kB of RAM, a
range of £200 g’s, a sample rate of 3,200 Hz, and a 1,120 Hz low-pass filter. The “DynaMax 1
(DM-1)” computer software program and a customized Microsoft Excel worksheet were used to
analyze and plot the accelerometer data.

3.2.3 Optical Speed Trap

The retro-reflective optical speed trap was used to determine the speed of the bogie
vehicle before impact in test nos. HTCT-2 and HTCT-3. Five retro-reflective targets, spaced at
approximately 4-in. (102-mm) intervals, were applied to the side of the bogie vehicle in test no.
HTCT-2 which break the beam of light. Three retro-reflective targets, spaced at approximately
18-in. (457-mm) intervals, were applied to the side of the bogie vehicle in test no. HTCT-3.
When the emitted beam of light was returned to the emitter/receiver, a signal was sent to the
optical control box, which in turn sent an impulse to the data computer as well as activated the
External LED box. The computer recorded the impulses and the time at which each occurred.
The speed was then calculated using the spacing between the retro-reflective targets and the time
between the impulses. LED lights and high-speed digital video analysis are only used as a
backup in the event that vehicle speeds cannot be determined from the electronic data.

3.2.4 Digital Photography

Three AOS X-PRI high-speed digital video cameras and three JVC digital video cameras
were used to document test no. HTCT-2. Two AOS X-PRI high-speed digital video cameras and

three JVC digital video cameras were used to document test no. HTCT-3. The cameras used and
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their respective locations are shown in Table 1. The AOS high-speed camera had a frame rate of
500 frames per second and the JVC digital video camera had a frame rate of 29.97 frames per
second. Both cameras were placed laterally from the post, with a view perpendicular to the
bogie’s direction of travel. A Nikon D50 digital still camera was also used to document pre- and

post-test conditions for all tests.

Table 1. Video Cameras and Locations in Dynamic Component Tests

Test No. _ Digital Video Camergs
Description Location
AOS X-PRI Lateral — Left Side of Bogie
AOS X-PRI Lateral — Right Side of Bogie
AOS X-PRI Lateral —Left Side of Bogie
HTCT-2 JVC Lateral — Left Side of Bogie
JVC Lateral — Right Side of Bogie
JVC Lateral —Left Side of Bogie
AOS X-PRI Obligue — Right Side of Bogie
AOS X-PRI Lateral — Right Side of Bogie
HTCT-3 JVC Lateral — Left Side of Bogie
JVC Obligue — Right Side of Bogie
JVvC Lateral — Right Side of Bogie

3.3 Data Processing

The electronic accelerometer data obtained in dynamic testing was filtered using the SAE
Class 60 Butterworth filter conforming to the SAE J211/1 specifications [9]. The pertinent
acceleration signal was extracted from the bulk of the data signals. The processed acceleration
data was then multiplied by the mass of the bogie to get the impact force using Newton’s Second
Law. Next, the acceleration trace was integrated to find the change in velocity versus time. Initial
velocity of the bogie, calculated from the pressure tape switch data, was then used to determine
the bogie velocity, and the calculated velocity trace was integrated to find the bogie’s

displacement.
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The accelerometer data for each test was processed in order to obtain acceleration,
velocity, and deflection curves. The values described herein were calculated from the SLICE

data curves. Test results for all transducers are provided in Appendix B.
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4 COMPONENT TESTING RESULTS AND DISCUSSION

4.1 Results

4.1.1 Test No. HTCT-2

The 1,861-1b (844-kg) bogie impacted the high-tension cable terminal system at a speed
of 52.8 mph (85.0 km/h) and at an angle of O degrees. The impact location is shown in Figure 22.
The cables were tensioned to approximately 4,300 Ib (19 kN). The cables were numbered from 1
to 4 as shown in Figure 23. Cable no. 1 corresponded to the bottom cable, and cable no. 4
corresponded to the top cable. A sequential description of the impact events is contained in Table
2. The times are approximate as the bogie wheel obstructed the view of the cable releases.

Sequential photographs are shown in Figures 24 through 26.

Figure 22. Impact Location, Test No. HTCT-2
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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

I;Zf;)E 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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0.020 sec

ey P S :
0.052 sec 1.036 sec

Figure 25. Sequential Photographs, Test No. HTCT-2
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0.000 sec 0.090 sec

0.018 sec 0.134 sec

0.040 sec 0.170 sec

0.058 sec 0.796 sec

Figure 26. Sequential Photographs, Test No. HTCT-2
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Figure 30. System Damage — Downstream Cable Anchor Bracket, Test No. HTCT-2
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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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4.1.2 Test No. HTCT-3

The 1,853-Ib (841-kg) bogie impacted the high-tension cable terminal at a speed of 51.1
mph (82.2 km/h) and at an angle of 25 degrees. The impact location is shown in Figure 32. The
cables were tensioned to approximately 4,300 Ib (19 kN). The cables were numbered from 1 to 4
as shown in Figure 33. Opposite of the previous test, cable no. 1 corresponded to the top cable,
and cable no. 4 corresponded to the bottom cable. A sequential description of the impact events
is contained in Table 4. The times are approximate as the bogie wheel obstructed the view of the

cable releases. Sequential photographs are shown in Figures 34 and 35. Documentary

photographs are shown in Figures 36 and 37.

Figure 32. Impact Location, Test No. HTCT-3
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Table 4. Sequential Description of Impact Events, Test No. HTCT-3

TIME

(sec) EVENT

0.000 The bogie impacted the cable release lever.

0.026 Cable no. 4 released.

0.048 Cable no. 3 released.

0.056 Cable nos. 1 and 2 released.

0.069 Left side tires became airborne.

0.121 Bogie tow pin impacted post no. 2.

0.172 Cable no. 4 released at the downstream end terminal.

0.828 The bogie had rolled 90 degrees.

Damage to the cable end terminal system was moderate, as shown in Figures 38 and 39.

The cable release lever was retained in the upstream cable anchor bracket. The kick plate had
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significant permanent deformation, which may have contributed to a slow cable release time.
The vertical tube that was initially impacted was bent slightly. Post no. 2 was bent downstream.

No damage occurred to the downstream cable anchor bracket or cable release lever.
Cable no. 1 released from the downstream cable anchor bracket as the cables wrapped around the
bogie tow pin, and the stress wave propagation lifted the cable.

The left-front tire of the bogie became airborne as it drove over the lower cables, which
had not yet released by that time. After the cables released, they wrapped around the tow pin, the
tow pin impacted post no. 2, and the roll motion of the bogie was accentuated. Minor damage
occurred to the bogie when the vehicle rolled and subsequently impacted a temporary concrete
barrier, as shown in Figure 40.

The force vs. time is shown in Figure 41. A peak force of 4.8 k (21.3 kN) occurred when
the bogie impacted the cable release lever. A peak force of 6.3 k (28.2 kN) occurred at 0.044

seconds, or between 0.026 seconds and 0.056 seconds when the cables were releasing.

45



March 21, 2014
MwRSF Report No. TRP-03-294-14

.54 sec

Figure 34. Sequential Photographs, Test No. HTCT-3
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0.094 Sec

0.024 sec 0.172 sec

Figure 35. Sequential Photographs, Test No. HTCT-3
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Figure 36. Documentary Photographs, Test No. HTCT-3

48



March 21, 2014
MwRSF Report No. TRP-03-294-14

Figure 37. Documentary Photographs, Test No. HTCT-3
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Figure 38. System Damage — Overall and Upstream Cable Anchor Bracket, Test No. HTCT-3
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Figure 39. System Damage — Posts and Downstream Cable Anchor Bracket, Test No. HTCT-3
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Force vs. Time
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Figure 41. Force vs. Time, Test No. HTCT-3
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4.2 Discussion

In test no. HTCT-2, cable nos. 1, 3, and 4 released quickly from the end terminal as
desired. However, the second cable did not release until 0.766 seconds after the first three cables,
and cable no. 2 only lifted out due to the stress wave that propagated through the cable after
tension was released. Some slight permanent bending was found in the kick plate, which may
have contributed to cable no. 2 not releasing as quickly as the other cables. The washer snagging
on the cable plate notch may have also contributed to the delayed release.

The cable release lever rotated to the ground and was retained with the rotational bolt. It
did not show any potential to penetrate a vehicle floorpan or cause undesirable rotations of the
vehicle when impacted end-on. When the bogie impacted post nos. 2 through 9, the bogie vehicle
pitched up some, but these rotations did not adversely affect the system performance. There were
no clear effects of varying the post shape or adding weakening holes. When the bogie vehicle
impacted the downstream end terminal in the reverse direction, the cable release lever
disengaged as desired and did not affect the trajectory of the vehicle.

In test no. HTCT-3, all cables were nearly released from their respective slots by 26 ms.
However, the washers snagged on the cable plate notches at this time, which delayed the release
for cable nos. 1 through 3. The kick plate and vertical tubes had permanent deformation, which
may have contributed to the delayed release of the cables. The delayed release allowed the left
side of the bogie to ride up the bottom cables, which contributed to the bogie becoming airborne.
The cables wrapping around the tow pin and the tow pin impacting post no. 2 induced additional
roll motion in the bogie, which contributed to the bogie subsequently rolling on its side.

The cable release lever was retained with the rotational bolt and did not show the
potential to penetrate a vehicle floorpan. Post no. 2 was bent downstream, and there were no

clear effects of adding the weakening holes in the post.
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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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cable release lever rotated and was retained by the rotational bracket, the stub height of the kick

plate was greater than 4 in. (102 mm), which was not desired.
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Appendix A. Material Specifications
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ltem No.| QTY. Description Material Specifications Hardware Guide Reference
Cable Anchor Bracket Base Plate, 19 3/4" x 10 H# 051257 Req# 12-0438
al 2 ASTM A36 Steel -
1/4" x 1/2" [502 x 260x 12.7]
Cable Release Lever Impact Tube, 11/2"x 1 H# 804674 Req# 12-0438
a2 4 112 x1/8" (38x 38x 6.4] ASTM AS00 Grade B -
Cable Release Lever Base Plate, 17 1/2" x 4 H# AN0650-04 Req# 12-0438
as 2 17/16"x5/8" [445x 113x 15.9] ASTM A36 Steel -
4 4 Cable Release Lever Support Gusset, 3 11/16" x ASTM A36 Steel H# 051257 Req# 12-0438
ee -
a 23/8"x1/2" [93x 60 12.7)
Cable Release Lever Rotation Bracket, 2" x 2" x H# V913789 Req# 12-0438
a5 4 1/2" [51x 51x12.7] ASTM A36 Steel -
Cable Anchor Bracket Exterior Gusset, 6" x 3 H# 051257 Req# 12-0438
bl h ki "
a6 4 |4y 1/2" [152x 83x 12.7) ASTM A36 Steel -
able Anchor Bracket Interior Gusset, X eq# 12-
Cable Anchor Bracket | ior G 35/16" H# 051257 Req# 12-0438
a7 6 |31/4"x1/2" [84x83x12.7) ASTM A36 Steel -
2 Cable Anchor Bracket Cable Plate, 193/4" x 3 s 36 Steel H# AN0650-04 Req# 12-0438
a8 5/8" x 5/8" [502 x 92 x 15.9] ASTM A36 Stee -
a9 4 Cable Anchor Bracket Rotation Bracket, 55/8" x ASTM A36 Steel R H# 051257 Req# 12-0438
31/2"x1/2" [142x89x 12.7]
3/4"-UNC 10 x 20" [M19x508] Long Hex Bolt and Nut: 3/4"-10 A563GR.DGHvyHexNut Lot#170277 /
alo 2 Nut ASTM A307 - Bolt: 3/4" UNC-10 Threaded Rod ASTM A449 Gr. 2
all 16 3/4" [19] Hex Nut ASTM A563M Lot#133507 12-0364
3/4"-UNC 10 x 13 3/4" [19x349] Long Threaded Lot# 032677 Heat# 9476653 Req# 12-0428
al2 16 | ASTM A449 -
od
a13 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 -
b3 2 M6x4.4 [M152x6.5] Post, 49" [1778] Long ASTM A572 GR50-07, ASTM A709 GR50- R N/A
09A, ASTM A992-06A
b4 2 S3x5.7 [S76x8.5] Post, 49" [1778] Long (With ASTM A572 GR50-07, ASTM A709 GR50- Post: blue paint
3/8" [10] Weakening Holes) 09A, ASTM A992-06A i
b5 2 S3x5.7 [S76x8.5] Post, 49" [1778] Long (With ASTM A572 GR50-07, ASTM A709 GR50- Post: blue paint
5/8" [16] Weakening Holes) 09A, ASTM A992-06A B
b6 1 S3x5.7 [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 )
b7 24 5/16" [8] Hex Nut ASTM A307 _ Red Paint 12-0368
b8 24 Low-Tension, Cable Hook Bolt ASTM F568 Class 4.6 or ASTM A307 FBHOL1 Red Paint 12-0368
CMB High Tension Anchor Plate Washer, 3" x 2 Req# 11-0341
cl 8 |5 /8" x 1/2" [76 X 60x 12.7] ASTM A36 Steel -
3/4" [19] 3x7 Cl A Galvanized High Strength Pre- "Cc-2"
AASHTO M30 Ty 1ClassA -
c2 4 Stretched Cable Guiderail ype Lilass
c3 16 7/8" [22] Hex Nut ASTM A563M RCEO3 4CMB Supply
ca 16 7/8"-UNF 14 x 11" [22x279] Threaded Rod ASTM A449 RCEO3 4CMB Supply
c5 16 Bennet Cable End Fitter ASTM A47 RCEO3 4CMB Supply
c6 16 7/8" [22] Square Nut SAE Grade 5 ENS20 REGULAR NUT SAME AS ¢3_4CMB SUPPLY
c7 4 Bennet Short Threaded Turnbuckle As Supplied _ 4CMB Supply
- - Powers Fasteners Epoxy AC100#Gold : €222/ APR13 and €293/ MAY12
Figure A-1. Bill of Materials, Test No. HTCT-2

59



March 21, 2014
MwRSF Report No. TRP-03-294-14

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
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TERMS: Net 30 Days. -
A SERVICE CHARGE OF 1.33%

4 3 4‘] 4 per month (16% ANNUAL
RATE) on the unpaid balance will

MIDWEST STEEL WORKS, INC. | e pst fw cconss

P.O. BOX 81096 LINCOLN, NEBRASKA 68501 TELEPHONE 402-476-7545

SOLD TOMM&&M&M gungrm NO. &‘# DATE 4{ /l ’[L
s, WN328)] Netlasen Mois & e Lol a2
__m— SHIP 104&1" ORDERED

Ty a9
8y QUOTED CASH cop CHARGE CREDIT TERM S CUSTOMER NO.
%«}/ NET 30 DAYS | Z/O,
QUANTITY DESCRIPTION AMOUNT
=]

A

%\7;05 M Cenre

gsUVERED INVOICE DATE INVOICE NUMBER

34423 RECEIVED 8Y DATE 1 4
DIbG/
Figure A-3. Anchor Bracket and Release Lever Assemblies, Test Nos. HTCT-2 and HTCT-3
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Atlas Tube Canada ULC DDD Atl R
ef.B/L: 80435711
flggoe:m(()ntuno Canada unn as Tllb e et (1)(75.930.201 !
6o ooD

NOR 1 Customer:
Tel:  519-738-3541 JMC STEEL GROUP

Fax: 519-738-3537

MATERIAL TEST REPORT

Sold to
Shipped to
Steel & Pipe Su ly Compan
&(l)\ NHATTé:A PPly P gbqlelN& Pupe Supplx Cl?mpan
N KS 66505 . ew Centur arkwa
USA NEW CENTURY KS 66031
USA
Matorial: 1.5x1.5x250x24'0"0(8x8)NMHGRC-D ‘ Material No: 01501 5250§MO-DNMH Made in: USA
Melted in: Canada
Sales order: 642469 Purchase Order: 45-160445 Cust Material #: 6511625024Y2
Heat No - Cc Mn P s sl . Al Cu Cb Mo Ni Cr v Ti B N
804674 - 0.190 0.800 0.010 0.006 0.011 0.048 0.047 0.000 0.005 0.018 0.050 0.002 0.002 0.000 0.000
" Bundle No PCs  Yield Tensile Ein.2in Certification CE: 0.34
M300560894 64 077700 Psi 084600 Psi 315 % ASTM AS500-10A GRADE C
Material Note: ' '
Sales Or.Note:
Material: 8.625x250x42'0°0(7x1). Material No: R086252504200 Made in: Canada
: Melted in: Canada
Sales order: 646571 Purchase Order: 45-161741 Cust Material #: 6482026042
Heat No c Mn P s Si Al Cu Cb Mo Ni Cr v Ti B N
760632 0.190 0.760 0.012 0.009 0.011 0.039 0.066 0.006 0.004 0.016 0.042 0.002 0.000 0.000 0.000
Bundle No  PCs  Yield Tensile Eln.2in Certification ' ' CE: 033
M101043254 7 056240 Psi 066730 Psi 30.1 % ASTM AS500-10A GRADE B&C
Material Note:
Sales Or.Note:
Material: 8.625:.(322x42'0'0(7x1). Material No: R086253224200 Made in: Canada
Melted in: Canada
Sales order: 646575 Purchase Order: 46-161742 Cust Material #: 648204042
Heat No c Mn P s . Si Al Cu -Cb Mo - NI Cr v’ Ti B N
805493 0.180 0.830 0.004 0.006 0.013 0.064 0.035 0.004 0.004 0.013 0.029 0.002 0.000 0.000 0.000
Bundle No PCs  Yield Tensile Ein.2in Certification . CE: 0.33
M200752965 7"_ 064370 Psi 076170 Psi 335 % ASTM AS500-10A GRADE B&C
Material Note:
. Sales Or.Note:
o A
Authorized by Quality Assurance: , ” - e
Thoruuhsryoponodmﬂmmpoﬂr-pvuommoamlltmbutuofthomm ished and ind M W with all app

specifi

S D1.1 method. .
W e &> Metals Service Center Institute
\9; OF NORTH AMBRICA T

Figure A-4. Anchor Bracket and Release Lever Assemblies, Test Nos. HTCT-2 and HTCT-3
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Figure A-5. Anchor Bracket and Release Lever Assemblies, Test Nos. HTCT-2 and HTCT-3
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Figure A-6. Anchor Bracket and Release Lever Assemblies, Test Nos. HTCT-2 and HTCT-3
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Figure A-7. Anchor Bracket and Release Lever Assemblies, Test Nos. HTCT-2 and HTCT-3
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Dear KEN KRENK

As you requested, we are providing you with the following information. We certify that, to the best of Grainger's
actual knowledge, the products described below conform to the respective manufacturer's specifications as
described and approved by the manufacturer.

Item # Description Vendor Part # Catalog Page #
4FGZ8 Threaded Rod,Gr 2,3/4-10 x 6 Ft,RH,UNC 4FGZ8 3060
1AY84 Hex Nut,Heavy,3/4-10,1 1/8 In,PK20 1AY84 2931
1TA40 Structural Bolt,5/8-11,5 L,Pk10 1TA40 2916

If you need any additional information, please contact our Compliance Team at 847-647-4649 or
prod_mgmt_support@grainger.com.

Gary Figiel

Engineering Technician
Compliance Team
Grainger Industrial Supply

Dear KEN KRENK

As you requested, we are providing you with the following information. We certify that, to the best of Grainger's
actual knowledge, the products described below conform to the respective manufacturer's specifications as
described and approved by the manufacturer.

Item # Description Vendor Part # Catalog Page #
1XA48 Hex Nut,Heavy,3/4-10,1 1/4 In,PK25 1XA48 2931
2DA67 Flat Washer,SAE, Steel,Fits 3/4 In,Pk 100 2DA67 0000

If you need any additional information, please contact our Compliance Team at 847-647-4649 or
prod_mgmt_support@grainger.com.

@%;/

Figiel
g neering Technician
Compllance Team
Grainger Industrial Supply

T e oo " o oumarse- I IIIIIHIM

LT T Bty

Uit i cm-«i

BOX SI:ALED TO SECURE INTEGRITY

A=
3/4 10 4563 GR: OH HYY HEX NUT 3/4-10 AS63 GR, C HEAVY HEX 3sI£E wASHERS'

NUTS PLN

GALY l’[j‘—]
3 2251 | VU/HIH O
# Box: Loc: UNASSI
CTAY OF ORG: China

G R M 1 B 1 o lor:“r 7244
\'l\i\l\\\ih,\\\\'ﬂ". oo o
Flgure A-8. Yuin. (19- mm) Diameter Nuts and Washers Test Nos. HTCT-2 and HTCT-3
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NingBo ZhongJiang High Strength Bolts Co.,Ltd

Address: XiJingTang LuoTuo NingBo,
ZheJiang, China

Tel: +86-574-86530577

Fax: +86-574-86530877

Web:  www.zhongjiangfstn.com

TEST CERTIFICATE

Customer: Order No: 019767 | Lot No.: WB92-3293

Product Description:
YAMSHIN 3/4”-10X12FT 73 PCS
INDUSTRY Specification
CO.INC ASTM A449 TYPE 1 THREADED STUD Heat No.: WB92-3293

Material AISI 5140 Head Marks:-~=====

Surface Finish | Black [_] [ HDG [3/] Bright [ ]

Chemical Analysis
Element C Mn P S Si Cr Ni Cu Mo
% 0.41 0.59 0.017 0.013 0.27 0.92 0.015 0.013 -
Mechanical Properties
Test Item Test method Standard Results Sampling Pass
Core Hardness (HRC) ASTM F606 25-34 28 4 OK
Tensile Strength (KSI) ASTM F606 120 131 3 OK
Yield load (KSY) ASTM F606 92 115 3 OK
Elongation (%) ASTM F606 14 15 3 OK
Reduction of Area (%) ASTM F606 35 (min) 39 3 OK
Dimensions of Spec

Test Item Spec. Inspection Results Sampling Remark
Major diameter 0.735”-0.748” 0.7407-0.742” 32 OK
Nominal length 144”-146” 144.77-144.9” 32 i OK
Go Gauge / / / /
No-Go Gauge / / / /
Appearance OK

We hereby certify that all the above results are original from our actual testmg;; andng\l(:roducts have
proved to comply with the relevant standards. Tt

Signed on Behalf of NingBo ZhongJiang High Strength Bolts Co., Ltd. - v‘}i;* )
Date:2009-11-25

Figure A-9. %-in. (19-mm) Diameter Threaded Rod, Test Nos. HTCT-2 and HTCT-3
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Figure A-10. %-in. (19-mm) Diameter Threaded Rod, Test Nos. HTCT-2 and HTCT-3
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Figure A-11. %-in. (19-mm) Diameter Threaded Rod, Test Nos. HTCT-2 and HTCT-3
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2298}

NINGBO ZHENGHAI YONGDIN G FASTENER CO. LTD
TEST CERTIFICATE
Producti® i 4 7k : THREAD ROD %4

Standard No7™ fhbiivik: ASTM A449-076
Grades of Strength {%#8%%¢: TYPEI

Size A& :3/4"-10* 12FT
Material 4 i&: 454

P/0 No& [79:020903
JiE TESTING . | :
r— Al ITEM B %\?,;
2 W s m s | TESTING RESULTS Erak
] Thread Diameter BA4M | 18.677-19.004 13.78-18.88 N
2 NO go gauge 14 24 oK oK N
3 GO gauge B 24 oK oK N
4 Screw Length ¥RATICIEL | 3654.552-3660.648 3656-3658 N
5 Surface finished R4 BLACK OK N
6 HeadMarking %2 |  NO OK N
7 - Visual Sh90 oK oK N
Quantity e
330 ;
it & (Pea) Testing Quantity: )
145 B Chemieal Composition, Heat No.9476653 Dia.éOmm
CastNo. | C (%)= Si (%)< Mn(%)< P < | S )< Cr(%) <
Requirement
Sisnderd 0.40 0.4.0 1.00 0.035 0.035 1.25
Testresults 0.46 0.28 0.63 0.016 | _0.019 1.26
HLIRHE BB Mechanical property
PUmIT e -
Yt I Wil | R Test
Tensile Strength (Stress) Yield Strength  (Stress) Contraction | Elongation HRC19-30
ob>120 (Ksi) op=92 (Ksi) v235% | 5>14%
139 12 41 17.0 97 4
140 114 41.2 17.6 28
142 119 41.6 172 _Zamingss
HZEJUDGEMENT OK /g;.:“\“‘%wn 22N
Orpanizerii il : Chen ju gang :?,-‘-Zi D\al’?:_,~ Séﬁala'—' 010
AuditingTiT#% : Guo feng shu AT Dated SeM%,ZOlO
DA oy 4
jeyx} =t

70

rmm (0801 BEPF

Figure A-12. %-in. (19-mm) Diameter Threaded Rod, Test Nos. HTCT-2 and HTCT-3
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Figure A-13. %-in. (19-mm) Diameter Threaded Rod, Test Nos. HTCT-2 and HTCT-3
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Figure A-14. S3x5.7 Line Posts, Test Nos. HTCT-2 and HTCT-3
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From: 281-381.2044 To' The Boulder Campany Date: 5/24/2012 Time: 3:34:00 PM Paga2of2

May 24, 2012
K-T Bolt Manufacturing Company, Inc.e Date: May 24,2012
1150 Katy Fort-Bend Road
Katy, Texas 77494
Ph: 281-391-2196 Fax: 281-391-2673
shirley@k-tbolt.com

Original Mill Test Report

Company: The Bould ompany ——
Part Description: 125 pes %(- 11X 9 %" Finish Hex Bolts
Material Specification: A307 A - '
Coating Specification ASTM F2329-05

Purchase Order Number: 161005

Lot Number: 08334-1

Comments: None

Material Heat Number: JK1110419701

Testing Laboratory: Nucor

Chemical Analysis - Weight Percent

C Ma P S Si Cu Cr Ni Mo V Cb Sn Al B Ti Ca Co N

A3 .69 018 030 20 .26 .12 .09 .020 003 .002 - - -
100% Melted & Manufactured In the USA. Values reflect originating Steel Mill

Tensile and Hardness Test Results

Property #1 psl
Tensile: 70.580
ProoffYield: 52.360
Elongation: 27.5
ROA: -
Hardness: 149 HBN
Comments
Test results meet hanical requir ts of specification.

Ail reports are the exciusive properly of K-T Boll Manufacturing Company, Inc ® Any reproduction must be in their enlirety and &t the permission of
same.

Figure A-15. Cable Hook Bolts, Test No. HTCT-2
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Customer Part No

MwRSF Report No.

March 21, 2014
TRP-03-294-14

MFG SMP No AST3043SE10S8 Customer Spec No ASTM A 741
aished Diameter Lay Breaking Adherence Steel
# Length Load Appearance Ductility
in {(in.) IBE of Wires
609409 0.79 6 46525 Pass Pass
609459 0.75 T 46548 Pass Pass
609513 0.75 T3 49219 Pass Pass

terial was melted and made in
2 undersigned certifies that t
contained in the r f

L )ulﬁs‘, \ﬁ.\f._

dcess Control Manadgk Notary
Y BEKRERT |
EXTRA HIGH S RENGTH

LENGTH DIAM. CONST. CLASS REEL # SPECIFICATION

1966 3/04 21 CL A 95609409 ASTHM A 741
3/4" 3X7 CL A GALV GUIDERAIL SHORTS

4 AST3043SE10S LI L
kGﬂ'{SSS wT 2009.85. Lbs. NET WT 1684.88 Lbs.
ne Hot NON-FLOODED

Public

1 results and conform to the specification indicated

Figure A-16. %-in. (19-mm) Dia. 3x7 Cable Guiderail, Test Nos. HTCT-2 and HTCT-3
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BENNETT BOLT WORKS, INC.

12 Elbridge Sireet

P.0O. Box 222 PH 315-689-3881
Jordan, New York 13080 ~X 315-683-3293
MIDWEST ROADSIDE SAFETY FACILIT SEPT 21,2007

UNIV. OF NEBRASKA
1901 Y STREET BLDGC
LINCOLN, NE 68588-0501
(402) 472-9064

ATTN: BOB BIELENBERG

CABLE FITTINGS FOR TL3-TL4 GUARDRAIL CASLE CRASH TEST

4 EA CG 198N-H 87M
TURNBUCKLE CASLE ASSEMBLY W/ 2 WELGE
7/8-8 X 11" FLATTENED RODS A443

i6 EA CG 184N-H 87M
CABLE END ASSEMBLY W/ WEDGE
7/8-9 X 11" FLATTENED ROD A449

(B ie inesnge

ﬁANAGER QUALITY ASSURANCE

HT NO 734281 7/8-9 x 11" Flattened Rods A449
Mfg. - Southeastern Bolt & Screw, Birmingham, AL

Order NC 75410-75590 Malleable Iron Casting ASTM - A47 Grade 32510
Mfg. - Buck Co., Inc., Quarryville, PA

Order NO 6002236 Malleable Iron Casting Wedge ASTM - A47
Grade 32510
Mfg. - Buck Co., Inec., Quarryville, PA

Figure A-17. 7%-in. (22.2-mm) Dia. Cable End Assembly, Test Nos. HTCT-2 and HTCT-3
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Southeastern Boit & Screw, inc
1037 16* Avenue West
Birmingham, AL 35204

(205) 328-4551

MATERIAL TEST REPORT

PDATE: July 7, 2004 CUSTOMER: Bennett Bolt Works, Inc.
CUSTOMER P.0.: 013218 QUANITY: 57
LAB REPORT NO.: 11065 SPECIFICATION: A449 Type 1
SIZE: 7/8-9 X 48 Double End Rod SURFACE COATING: A158 Class C
LOT NO.: L15532 (296489-01) MARKINGS: SBS, Three Radial Lines
CHEMISTRY
c MN P S Si v Ch CR MO
.47 75 .010 .030 .20 .013
MATERIAL GRADE: 1045 HEAT NO.: 734281

MECHANICAL PROPERTIES

PROOF LOAD

Applied Tensile Force, Ibf 39,250

Length Measurement Differential, in -0.0006

AXIAL TENSILE

Axial Tensile Load, 1bf 60,600

Failure Location Threads
WEDGE TENSILE

10 Degree Wedge Tensile Load, 1bf
Failure Location

HARDNESS MEASUREMENTS
Rockwell C Scale 28

TEST METHODS: ASTM F608

We certify ghat the above test results do conform to the requirements of the specifications as shown. These test results relate
only;1 mbdsae itern tested. This document may be reproduced, but only in its entirety. All material was melted and manufactured
in the USA. P -

(A Lorg

Jim M;H, Quality Asgurance Manager

Figure A-18. 7%-in. (22.2-mm) Dia. Cable End Assembly, Test Nos. HTCT-2 and HTCT-3
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BUCK COMPANY, INC.

N97 Lancaster Pike. Quamyville. PA 17566-9735
Phone t717) 283114 Fax (7171 2841321

W hucheanipung .conm RrCENingx @ buchetmpany com

MATERIAL CERTIFICATION

Date X‘( X )Q7 o Form# CERT-7A Rey C 4-21-06
CUSTOMER ‘H'mc

ORDER NUMBER 755@0

PATTERN NUMBER /, G‘-E)B LJ TH REV.____

This is to certify that the castings lisied conform w the following specifications und comply in all respects
with the drawing or ordered requircments. All Quality Assurance provisions and /7 or Quality Assurance
requirenients and / or supplementary Quality Assurance provisions have been completed and accepted. seC

duta is on file und available upon requesi.

Type Materlal: / 2 @ [ A ( )l }k < ,U (YL
Specilications: 7 f. SOY \"M—?

Grade or Class: C )2(%__5]_@_ -
Heat Number: QQL\

MECHANICAL P TRTIE CHEMICAL ANALYSIS
Tensile Str. PS] _ Total Carbon L )k 2 )

Silicon____&._%f__,

Yield Str, PS1_~ 1:5 ( ) l)& A Manganese o
Sulfur _

Elongation O%z Phosphorus . %,
Chrome ___ . E

PHYSICAL PROPERTIES Magnesium__ %%__
Copper -

Brinell Hardneys )/15
PCS SHIPPED Ozo DATE S
l. of ]

ueNity Assurance Representative

~——
Qualicy Castings
N ISO 90411, 2000 CERTIRNID
Ferritiv and Pearlitic Mulleable Tron, Gray and Duetile Tron, Bruss. Aluminum

Figure A-19. 7%-in. (22.2-mm) Dia. Cable End Assembly, Test Nos. HTCT-2 and HTCT-3
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BUCK COMPANY, INC.

897 Lancaster Pike, Quarryville, PA 17566.9738
Phone (717) 2844114 Fax (717) 284-4321
www.buckcompany.com grestcastings@buckeompany.com

MATERIAL CERTIFICATION

Date Form Number CERT-7C REV.A

CUSTOMER: /B‘Z]ﬂé# //2)’)/ J‘/;//Ch"}:b
oroER NUMBER /IO
PATTERN NUMBER %BBHT REV. ——

This is to certify that the castings listed conform to the following specifications and -
comply in all respects with the drawing or ordered requirements. All Quality Assurance
provisions and / or Quality Assurance requircments and / or supplernentary Quality
Assurance provisions have been completed and accepted. SPC data is on file und
available upon request. Melted & Manufactured in the USA.

Type Material: _,m_/f@d(i IO
Specifications:___ AS“{TYW “‘/‘(.L/

Grade or Class: ( 3& 5]0

Beat Numbers___(0)

MECHANICAL 1 CHEMICAL ANALY
Tensile Str. PS Total Carbon

Silicon___ e
Yield Str. PSI__( 3‘3%&‘ Manganese e
/5' _ Sulfur . 7(
Elongation Phosphorus L
Chrome .

PHYSICAL PROPERTIES

Erineu Hardness / 02/
pcs smepED /00D

Fermiaie and Misrlite Malleable lron, Gray and Duenife leon » Bruse - Aluminum

Figure A-20. 7-in. (22.2-mm) Dia. Cable End Assembly, Test Nos. HTCT-2 and HTCT-3
78



March 21, 2014
MwRSF Report No. TRP-03-294-14

BUCK COMPANY, INC.

897 Lancaster Pike, Quarryville, PA 17566-9738

Fhone (717) 284-4114  Fax (717) 284-4321

www.buckcampany,com ) greatenstings @buckcompany.com

MATERIJAL CERTIFICATION

Date é?ﬁfi 22 5 Form# CERT-7A Rev C 42106
CUSTOMER Z zzbl U ﬁf i.s :ZTC

ORDER NUMBER

PATTERN NUMBER _/,()/ &szgf 3 REV:mg/

This is to certify that the castmgs listed conform to'the: follow:ng specifications and comply in all respects
with the drawing or ordered requirements. All Quality Assurance provisions and / or Quality Assurance
requirements and / or supplementary” Quaht) Assurarnce provmons have been complcted and accepted. SPC

data is on file and available upon re

Type Material: 7“ LZ)}G ‘__lmz
Specifications: jt‘:-‘ﬂ'm /7(47 )
Grade or Class: d&; &, A
Heat Nombers___/ (7]

MECHANICAL PROPE, ' CHEMICAL ANALYSIS, | |
Tensile Str. PSI © . Total Carbon*"'ﬂ' A

‘ Silicon ol T A
Yield Str. PST (ﬁ o f.’3 - Manganese ]
- " SulfarCsiscie e [
Elongation JL [ Pho%pﬁoms'
Chromé . on LS
PHYSICAL PROPERTIES Magnesinm 2 (L[
Copper__-_ G

Brinell Hardness /Q?J
PCS SHIPPED /0(/}5 / DATE smfp
7 / i

J of / /.,

ulity Assurdnce Representative

}
; \ 5 e
Quality Casgtings
1SO 9001: 2000 CERTIFIED
Ferritic and Pearlitic Malleable Jron, Gray and Ductile Iron, Brass, Aluminum

Figure A-21. 7%-in. (22.2-mm) Dia. Cable End Assembly, Test Nos. HTCT-2 and HTCT-3

79



March 21, 2014
MwRSF Report No. TRP-03-294-14

Appendix B. Bogie Test Results
The results of the recorded data from each accelerometer for every dynamic bogie test are
provided in the summary sheets found in this appendix. Summary sheets include acceleration,
velocity, and deflection vs. time plots as well as force vs. deflection and energy vs. deflection

plots.
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Bogie Test Summary
Test Information 4 Cable Terminal Release Bracket Test Results Summary
Test Number: HTCT-2 Max Deflection: 793.6 in.
Test Date: 20-Jun-2012 Peak Force: 159 k
Failure Type: Multiple Initial Linear Stiffness: ~ NA k/in.
Total Energy: 1534.4 k-in.
Post Properties
Post Type: Multiple
Post Size: Multiple Multiple
Post Length: Multiple in.
Embedment Depth: Multiple in.
Orientation: Weak Axis 10 Bogie Acceleration vs. Time
Soil Properties
Gradation: NA 8
Moisture Content: NA .
Compaction Method: ~ NA 6
Soil Density, yd: NA - I I
o
. . B4
Bogie Properties g
Impact Velocity: 52.84 mph (77.5 fps) 23.62m/s [ |
Impact Height: 19in. 48.3cm & 2
Bogie Mass: 1861 Ibs 844.1kg
0
Data Acquired
Acceleration Data: EDR-3 -2
Camera Data: 0 0 0.2 0.4 0.6 0.8 1 12 1.4
Time (s)
18 Force vs. Deflection At Impact Location % Bogie Velocity vs. Time
16 80 —
14 70
12 60 \\\
_ <50 o~
=0 | £ E—
88 .
. | | . 2
10
2 0
0 10
22 -20
0 200 400 600 800 1000 0 0.2 0.4 0.6 0.8 1 1.2 14
Deflection (in.) Time (s)
Energy vs. Deflection At Impact Location Deflection at Impact Location vs. Time
1800 900
1600 800 /
1400 __’_,‘ 700 -~
pd
00
g / 0o -
£000 / 500 /,
&oo y %oo
g ed T //
8600 ~ doo
/ e
400 ’/ 200 7
200 100 /
0 0
0 200 400 600 800 1000 0 0.2 0.4 0.6 0.8 1 1.2 1.4
Deflection (in.) Time (s)

Figure B-1. Test No. HTCT-2 Results (EDR-3)
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Bogie Test Summary
Test Information 4 Cable Terminal Release Bracket Test Results Summary
Test Number: HTCT-2 Max. Deflection: 1197.8 in.
Test Date: 20-Jun-2012 Peak Force: 16.1 k
Failure Type: Multiple Initial Linear Stiffness: 7 #DIV/0!  K/in.
Total Energy: 2083.0 k-in.
Post Properties
Post Type: Multiple
Post Size: Multiple Multiple
Post Length: Multiple in.
Embedment Depth: Multiple in.
Orientation: Weak Axis 10 Bogie Acceleration vs. Time
Soil Properties
Gradation: NA 8
Moisture Content: NA .
Compaction Method:  NA 6
Soil Density, yd: NA e
(=]
. . B4
Bogie Properties g
Impact Velocity: 52.84 mph (77.5fps) 23.62m/s ®
Impact Height: 19in. 48.3cm 5] 2
Bogie Mass: 1861 Ibs 844.1 kg
0
Data Acquired
Acceleration Data: SLICE -2
Camera Data: 0 0 1 2 4
Time (s)
18 Force vs. Deflection AtImpact Location 90 Bogie Velocity vs. Time
16 80
14 20 \\
12 60 N
_10 <50 A
=g €0 N
g 6 | Iy Il 230 TN
]
“4 $20 ~
>
2 10
0 0 ——
2 -10
-4 -20
0 200 400 600 800 1000 1200 1400 0 1 2 4
Deflection (in.) Time (s)
Energy vs. Deflection At Impact Location Deflection at Impact Location vs. Time
2500 1400
1200
"
2000 L
/ - 1000 —
'?500 e £ /
; 7 goo Y S
000 / $oo
w / 8 /
/ 400
500 - /
200
0 0
0 200 400 600 800 1000 1200 1400 0 1 2 4
Deflection (in.) Time (s)

Figure B-2. Test No. HTCT-2 Results (SLICE)
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MIDWEST ROADSIDE SAFETY FACILITY

Bogie Test Summary

Test Information

4 Cable Terminal Release Bracket

Test Results Summary

Test Number: HTCT-3 Max Deflection: 1974 in.
Test Date: 26-Jun-2012 Peak Force: 6.8 k
Failure Type: NA Initial Linear Stiffness: ~ NA k/in.
Total Energy: 310.2 k-in.
Post Properties
Post Type: See Drawings
Post Size: See Drawings
Post Length: See Drawings
Embedment Depth: NA
Orientation: 25 degrees . Bogie Acceleration vs. Time
Soil Properties 35 A
Gradation: NA 3
Moisture Content: NA _
Compaction Method:  NA 25
Soil Density, yd: NA - L
" 5.: [TAYHN|
Bogie Properties s | nA W infl,. .
Impact Velocity: 51.14 mph (75 fps) 22.86 m/s e ! , ”\I “ ” I v U I\I\/
Impact Height: 19in. 48.3cm E 0.5 V N Vv \Vj
Bogie Mass: 1853 Ibs 8405 kg oV \\’l ‘\IIM v \VI Vf\
Data Acquired 05 v
Acceleration Data: EDR-3 -1
Camera Data: 0 0 0.05 0.1 0.15 0.2 0.25
Time (s)
8 Force vs. Deflection At Impact Location % Bogie Velocity vs. Time
7 80
6 70
> = 60
z4 \ g5
8 3 V‘ F
R AT [N L1119
(4
> 30
1 V N v V V
0 v \\, ll‘ V \V \f‘\vh 20
-1 10
-2 0
0 50 100 150 200 250 0 0.05 0.1 0.15 0.2 0.25
Deflection (in.) Time (s)
350 Energy vs. Deflection At Impact Location 250 Deflection at Impact Location vs. Time
300 /""
200
250 S _ /
£ / £150 -
v 200
: / g ~
2 150 — g /
g A~ % 100 ~
w
100 s e /
s / 50 ~
0 0
0 50 100 150 200 250 0 0.05 0.1 0.15 0.2 0.25
Deflection (in.) Time (s)

Figure B-3. Test No. HTCT-3 Results (EDR-3)
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Bogie Test Summary

Test Information 4 Cable Terminal Release Bracket Test Results Summary

Test Number: HTCT-3 Max Deflection: 185.1 in.
Test Date: 26-Jun-2012 Peak Force: 6.3 k
Failure Type: Multiple Initial Linear Stiffness:  NA k/in.

Total Energy: 310.6 k-in.

Post Properties
Post Type: See Drawings
Post Size: See Drawings
Post Length: See Drawings
Embedment Depth: NA
Orientation: 25 degrees . Bogie Acceleration vs. Time

Soil Properties 35
Gradation: NA 3
Moisture Content: NA .

Compaction Method: ~ NA 25
Soil Density, yd: NA g 2 ’A\
-1 A A
. . =15 '

Bogie Properties g X I A IV V\ I\ A
Impact Velocity: 51.14 mph (75 fps) 22.86 m/'s ] I ’ l\ v \/\/ \
Impact Height: 19in. 483cm Sos Av "\v VvV
Bogie Mass: 1853 Ibs 840.5kg 0 L VI \v/
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Figure B-4. Test No. HTCT-3 Results (SLICE)
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