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U.S.Department 1200 New Jersey Ave., SE
of Transportation Washington, D.C. 20590

Federal Highway
Administration

SEP 17 2018 In Reply Refer To:
HSST-1/CC-145

Mr. Charles Mettler

Plastic Safety Systems, Inc.

2444 Baldwin Road

Cleveland, Ohio 44104

Dear Mr. Mettler:

This letter is in response to your June 25, 2018 request for the Federal Highway Administration
(FHWA) to review a roadside safety device, hardware, or system for eligibility for
reimbursement under the Federal-aid highway program. This FHWA letter of eligibility is
assigned FHWA control number CC-145 and is valid until a subsequent letter is issued by
FHWA that expressly references this device.

Decision
The following device is eligible within the length-of-need, with details provided in the form
which is attached as an integral part of this letter:

e C(CrashGard®

Scope of this Letter

To be found eligible for Federal-aid funding, new roadside safety devices should meet the crash
test and evaluation criteria contained in the’ American Association of State Highway and
Transportation Officials’(AASHTO) Manual for Assessing Safety Hardware (MASH).
However, the FHWA, the Department of Transportation, and the United States Government do
not regulate the manufacture of roadside safety devices. Eligibility for reimbursement under the
Federal-aid highway program does not establish approval, certification or endorsement of the
device for any particular purpose or use.

This letter is not a determination by the FHWA, the Department of Transportation, or the United
States Government that a vehicle crash involving the device will result in any particular
outcome, nor is it a guarantee of the in-service performance of this device. Proper
manufacturing, installation, and maintenance are required in order for this device to function as
tested.

This finding of eligibility is limited to the crashworthiness of the system and does not cover other
structural features, nor conformity with the Manual on Uniform Traffic Control Devices.



Eligibility for Reimbursement

Based solely on a review of crash test results and certifications submitted by the manufacturer,
and the crash test laboratory, FHWA agrees that the device described herein meets the crash test
and evaluation criteria of the AASHTO’s MASH. Therefore, the device is eligible for
reimbursement under the Federal-aid highway program if installed under the range of tested
conditions.

Name of system: CrashGard®

Type of system: Crash Cushion

Test Level: MASH Test Level 3 (TL3)

Testing conducted by: Texas A&M Transportation Institute
Date of request: June 25, 2018

Date initially acknowledged: June 26, 2018

FHWA concurs with the recommendation of the accredited crash testing laboratory on the
attached form.

Full Description of the Eligible Device

The device and supporting documentation, including reports of the crash tests or other testing
done, videos of any crash testing, and/or drawings of the device, are described in the attached
form.

Notice

This eligibility letter is issued for the subject device as tested. Modifications made to the device
are not covered by this letter. Any modifications to this device should be submitted to the user
(i.e., state DOT) as per their requirements.

You are expected to supply potential users with sufficient information on design, installation and
maintenance requirements to ensure proper performance.

You are expected to certify to potential users that the hardware furnished has the same chemistry,
mechanical properties, and geometry as that submitted for review, and that it will meet the test
and evaluation criteria of AASHTO’s MASH.

Issuance of this letter does not convey property rights of any sort or any exclusive privilege. This
letter is based on the premise that information and reports submitted by you are accurate and
correct. We reserve the right to modify or revoke this letter if: (1) there are any inaccuracies in
the information submitted in support of your request for this letter, (2) the qualification testing
was flawed, (3) in-service performance or other information reveals safety problems, (4) the
system is significantly different from the version that was crash tested, or (5) any other
information indicates that the letter was issued in error or otherwise does not reflect full and
complete information about the crashworthiness of the system.



Standard Provisions

To prevent misunderstanding by others, this letter of eligibility designated as FHWA
control number CC-145 shall not be reproduced except in full. This letter and the test
documentation upon which it is based are public information. All such letters and
documentation may be reviewed upon request.

This letter shall not be construed as authorization or consent by the FHWA to use,
manufacture, or sell any patented system for which the applicant is not the patent holder.

This FHWA eligibility letter is not an expression of any Agency view, position, or
determination of validity, scope, or ownership of any intellectual property rights to a
specific device or design. Further, this letter does not impute any distribution or licensing
rights to the requester. This FHWA eligibility letter determination is made based solely
on the crash-testing information submitted by the requester. The FHWA reserves the
right to review and revoke an earlier eligibility determination after receipt of subsequent
information related to crash testing.

If the subject device is a patented product it may be considered to be proprietary. If
proprietary systems are specified by a highway agency for use on Federal-aid projects:
(a) they must be supplied through competitive bidding with equally suitable unpatented
items; (b) the highway agency must certify that they are essential for synchronization
with the existing highway facilities or that no equally suitable alternative exists; or (c)
they must be used for research or for a distinctive type of construction on relatively short
sections of road for experimental purposes. Our regulations concerning proprietary
products are contained in Title 23, Code of Federal Regulations, Section 635.411.

Sincerely,

ickoef 3 ol

Michael S. Griffith
Director, Office of Safety Technologies
Office of Safety

Enclosures
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Request for Federal Aid Reimbursement Eligibility
of Highway Safety Hardware

Date of Request:

June 12,2018

(¢ New (" Resubmission

Name:

Chuck Mettler

Company:

PSS (Plastic Safety Systems) Inc.

Address:

2444 Baldwin Road, Cleveland, Ohio 44104

Submitter

Country:

USA

To:

Michael S. Griffith, Director

FHWA, Office of Safety Technologies

I request the following devices be considered eligible for reimbursement under the Federal-aid

highway program.
Device & Testing Criterion - Enter from right to left starting with Test Level [-1-1
System Type Submission Type Device Name / Variant | Testing Criterion I:re evs;
(@ Physical Crash Testing AASHTO MASH T3

'CC": Crash Cushions,
Attenuators, & Terminals

(" Engineering Analysis

CrashGard®

By submitting this request for review and evaluation by the Federal Highway Administration, | certify
that the product(s) was (were) tested in conformity with the AASHTO Manual for Assessing Safety
Hardware and that the evaluation results meet the appropriate evaluation criteria in the MASH.

Individual or Organization responsible for the product:

Contact Name: Chuck Mettler Same as Submitter [X]
Company Name: PSS (Plastic Safety Systems) Inc. Same as Submitter [X]
Address: 2444 Baldwin Road, Cleveland, Ohio 44104 Same as Submitter
Country: USA Same as Submitter [X]

Enter below all disclosures of financial interests as required by the FHWA ‘Federal-Aid Reimbursement
Eligibility Process for Safety Hardware Devices' document.

None
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PRODUCT DESCRIPTION
. New Hardware or Modification to
Significant Modification Existing Hardware

The installation consisted of an array of 12 PSS CrashGard* sand barrels, each 36 inches in diameter at the top x
48 inches tall (approximately 36%: diameter x 53 inches with a lid). The 12 barrels were positioned in a
combined pattern of two barrels wide by four barrels deep behind a single column of four barrels (see
Appendix A of attached report). The barrels were spaced approximately 6 inches apart in all directions. Overall
width of the installation was approximately 6 ft-7 inches, and overall depth was approximately 27 ft 2 1/2
inches. The barrels were set on a clean, dry concrete apron without adhesives, anchorage, or bolting.

Each barrel was filled with washed sand to levels specified by the manufacturer to attain nominal weights of
2100 Ib, 1400 Ib, 700 Ib, 400 Ib, and 200 Ib. A conical shaped insert was placed in 10 of the barrels prior to
placing the sand. The two 2100 Ib barrels did not contain this insert. Refer to Appendix A and B of attached
report for weight specific locations of the barrels. Each empty barrel, with insert and lid, weighed
approximately 52 Ib. An empty barrel and lid without an insert weighed approximately 45 Ib. The estimated
total weight for the 12 barrels with sand was 12,100 Ib.

CRASH TESTING

By signature below, the Engineer affiliated with the testing laboratory, agrees in support of this submission that
all of the critical and relevant crash tests for this device listed above were conducted to meet the MASH test
criteria. The Engineer has determined that no other crash tests are necessary to determine the device meets

the MASH criteria.

Engineer Name:

[ D. Lance Bullard, Jr.

Engineer Signature:

Digitally signed by D. Lance Bullard, Jr.
D. Lance Bullard, Jr. o3 s0s0s 308 0500

Address: TT1, TAMU 3135, College Station, TX 77843-3135 Same as Submitter [
Country: USA Same as Submitter |
A brief description of each crash test and its result:
Required Test Narrative Evaluation
Number Description Results

3-30(1100C)

The product is not a terminal nor a
redirective crash cushion.

Non-Relevant Test, not conducted

3-31(2270P)

The product is not a terminal nor a
redirective crash cushion.

Non-Relevant Test, not conducted

3-32(11000)

The product is not a terminal nor a
redirective crash cushion.

Non-Relevant Test, not conducted

3-33 (2270P)

The product is not a terminal nor a
redirective crash cushion.

Non-Relevant Test, not conducted

3-34 (11000)

The product is not a terminal nor a
redirective crash cushion.

Non-Relevant Test, not conducted

3-35(2270P)

The product is not a terminal nor a
redirective crash cushion.

Non-Relevant Test, not conducted

3-36 (2270P)

The product is not a terminal nor a
redirective crash cushion.

Non-Relevant Test, not conducted

3-37 (2270P)

The product is not a terminal nor a
redirective crash cushion.

Non-Relevant Test, not conducted

3-38 (1500A)

The product is not a terminal nor a

redirective crash cushion.

Non-Relevant Test, not conducted
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i Required Test Narrative | Evaluation
| Number Description Results

[Test 3-40 involves an 1100C vehicle o ]
impacting the test article at a target speed
of 62 mph and a target angle of 0 degrees.
The results of the test conducted on
February 28, 2018 are found in TTI Test
Report number 690900-PSS11-16. The test
vehicle was traveling at an impact speed of
62.6 mi/h as it contacted the crash cushion
with the right quarter point of the vehicle
aligned with the centerline of the crash
cushion at an impact angle of 0.5°, After loss
of contact with the crash cushion, the
vehicle came to rest 15 ft downstream of
the point of impact and 10 ft toward the
traffic side (left). The last two barrels set
nearest the backstop of the array remained
upright, however, the barrels were
damaged and the lids were missing. The
remaining barrels in the array were
deformed and lying on the ground surface,
and sand from these barrels was strewn
about the test site. Debris scatter was 47 ft
downstream x 15 ft left and 29 ft right. The
front bumper, hood, and right and left front
fenders were damaged. The windshield
sustained a stress crack radiating from the
right lower corner of the windshield. |

|

3-40 (1100C) PASS

Maximum exterior crush to the vehicle was
7.5 inches in the front plane just above
bumper height. No occupant compartment '
deformation or intrusion was noted.
Occupant risk factors were all within the
preferred MASH limits. The device
performed acceptably for MASH test 3-40.
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3-41 (2270P)

Test 3-41 involves a 2270P vehicle
impacting the test article at a target speed
of 62 mph and a target angle of 0 degrees.
The results of the test conducted on March
1,2018 are found in TTI Test Report number
690900-PSS11-16. The test vehicle was
traveling at an impact speed of 63.7 mi/h as
it contacted the crash cushion at an impact
angle of 0.4°. After loss of contact with the
barrier, the vehicle came to rest 24 ft
downstream of the impact. Barrels #1, #2,
#3, #4, and #12 (see attached report) were
crushed between the vehicle and the
backup structure. The remaining barrels
were deformed and the barrels, lids, and
sand were strewn about the test area.
Maximum debris scatter was 113 ft
downstream x 38 ft right and 25 ft left. The
front bumper, grill, hood, and radiator and
support were deformed. Maximum exterior
crush to the vehicle was 17.0 inches in the
front plane near the center at bumper
height. No occupant compartment
deformation or intrusion was noted.
Occupant risk factors were all within the
preferred MASH limits. The device
performed acceptably for MASH test 3-41.

PASS

3-42 (1100Q)

Test 3-42 involves an 1100C vehicle
impacting the test article at a target speed
of 62 mph and a target angle of 5-to-15
degrees, The results of the test conducted
on February 28, 2018 are found in TT| Test
Report number 690900-P5511-16. The test
vehicle was traveling at an impact speed of
63.0 mi/h as it contacted the crash cushion
with the centerline of the front of the
vehicle aligned with the centerline of the
nose of the crash cushion at an impact
angle of 5.5°. After loss of contact with the
barrier, the vehicle came to rest 21 ft
downstream of the impact and 36 ft toward
the field side (right). All barrels were
displaced except for barrel #11. A 12-inch
tall piece of a barrel was wedged under the
front bumper of the vehicle. Debris scatter
was 90 ft long x 32 ft right and 35 ft left. The
front bumper, hood, grill, radiator and
support, and left front fender were
deformed. The windshield was cracked in
the left lower corner. Maximum exterior
crush to the vehicle was 12.0 inches in the
front plane at the left front corner just
above bumper height. No occupant
compartment deformation or intrusion was
noted. Occupant risk factors were all within
the preferred MASH limits. The device

performed acceptably for MASH test 3-42.

PASS
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3-43(2270P)

Test 3-43 involves a 2270P vehicle
impacting the test article at a target speed
of 62 mph and a target angle of 5-to-15
degrees. The results of the test conducted
on March 1, 2018 are found in TTI Test
Report number 690900-PSS$11-16. The test
vehicle was traveling at an impact speed of
62.8 mi/h as it contacted the crash cushion
with the centerline of the front of the
vehicle with the centerline of the nose of
the crash cushion at an impact angle of 5.7°,
After loss of contact with the barrier, the
vehicle came to rest 45 ft downstream of
the impact and 25 ft toward the field side
(right). Barrel #11 was undisturbed, and
barrel 12 was upright but crushed against
the backup structure, and missing the lid
and some sand. One barrel was wedged
under the front of the test vehicle. The
remaining barrels, lids, and sand were
strewn about the test area. Maximum
extent of debris was 109 ft downstream x
44 ft to the right side and 32 ft to the left
side. The front bumper, grill, hood, and
radiator and support were deformed.
Maximum exterior crush to the vehicle was
13.0inches in the front plane at the center
at bumper height. No occupant
compartment deformation or intrusion was
noted. Occupant risk factors were all within
the preferred MASH limits. The device

performed acceptably for MASH test 3-43.

PASS




3-44 (2270P)

Test 3-44involves a 2270P vehicle
impacting the test article at a target speed

of 62 mph and a target angle of 20 degrees. :

The results of the test conducted on
‘February 16,2018 are found in TTI Test
'Report number 690900-PSS11-16. The test

|vehicle was traveling at an impact speed of |

63.0 mi/h as it contacted the crash cushion,
with the centerline of the vehicle aligned
with the leading traffic side corner of the
backup structure at an impact angle of
21.1°, After loss of contact with the barrier,
the vehicle came to rest 17 inches upstream
of the leading traffic side corner of the
backup structure and 11 ft toward traffic
lanes (left side). Barrels #1 through #4 were
not impacted and remained in place.
Barrels # 7 and 9 were split, and barrel #11
was crushed against the backup structure.
All remaining barrels were crushed and
most of the sand strewn about. Debris
scatter was 54 ft downstream x 11 ft left
and 40 ft right. The front bumper, radiator
and support, hood, grill, water pump and
fan, right front fender, and left front fender
were damaged. The windshield was also
cracked in several locations. Maximum
exterior crush to the vehicle was 26.0 inches
in the front plane at center bumper height.
No occupant compartment deformation or
intrusion was noted. The device performed
acceptably for MASH test 3-44.

PASS

Version 10.0 (05/16)
Page 6 of8
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“Test 3-45 involves a 1500A vehicle T ‘ 4 T
impacting the test article at a target speed i
'of 62 mph and a target angle of 0 degrees. i
[The results of the test conducted on L
{February 16, 2018 are found in TTI Test 3
'Report number 690900-PSS11-16. The test ?
vehicle was traveling at an impact speed of
{ 63.7 mi/h as it contacted the nose of the

crash cushion, with the centerline of the
vehicle aligned with the centerline of the E
crash cushion at an impact angle of 1.0°.
After loss of contact with the barrier, the
vehicle came to rest 5.5 ft downstream of
the impact point on barrel #1 and 2 ft
toward traffic lanes (left). Three barrels were
3-45 (1500A) |[split, and the crushed bottoms remained in | PASS
the impact area. All remaining barrels were
deformed and sand was strewn about. The
front bumper, hood, grill, radiator and
support, and right and left front fenders
were deformed. A stress crack radiated
from the left lower corner of the windshield,
and traveled upward and outward.
Maximum exterior crush to the vehicle was
8.0 inches in the front plane at the
centerline of the vehicle just above bumper
height. No occupant compartment
deformation or intrusion was noted.
Occupant risk factors were all within the
preferred MASH limits. The device
performed acceptably for MASH test 3-45.

Full Scale Crash Testing was done in compliance with MASH by the following accredited crash test
laboratory (cite the laboratory’s accreditation status as noted in the crash test reports.):

Laboratory Name: lTexas A&M Transportation Institute
. ) Digitally signed by Darrell L. Kuhn

Laboratory Signature: Darrell L. Kuhn Date: 2018.06.01 17:05:02 -05'00'
Address: TTI, TAMU 3135, College Station, TX 77843-3135 Same as Submitter [_]
Country: USA Same as Submitter ]

- - 1SO 17025 Laboratory
Accreditation Certificate Certificate Number: 2821.01
Number and Dates of current | _,. -

o R Valid To: April 30, 2019
Accreditation period :

Submitter Signature*; CQ,«W

L Submit Form |
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ATTACHMENTS

Attach to this form:

1) Additional disclosures of related financial interest as indicated above.

2) A copy of the full test report. video, and a Test Data Summary Sheet for each test conducted in

support of this request.

3) A drawing or drawings of the device(s) that conform to the Task Force-13 Drawing Specifications
[Hardware Guide Drawing Standards]. For proprietary products, a single isometric line drawing is
usually acceptable to illustrate the product, with detailed specifications, intended use, and contact
information provided on the reverse. Additional drawings (not in TF-13 format) showing details that
are relevant to understanding the dimensions and performance of the device should also be submitted
to facilitate our review.

FHWA Official Business Only:

Eligibility Letter
Number Date Key Words

SO SRR M-




"WRYSAG [paIRg pues , pAenHYsel)) uo gp

T Cp— uonewLoaq
Juswpedwo) JuednaoQ xepn 650
000000084 * 61g
sayoul 0'g - ywyegze
yM3a4zL - 6z
sa4dzi - 61g
abeweq a|21yap SHED
Ja)jeas - “YIPIM Buppiopn S/l 612
SUQS( JO S|1B}OQ JOy “rrrrrrr e jusuewlad
®>on< mc_;m.ho mmw .................................... O_EN:>D uwm

I RN A
weasnsdn i G'G

suoijdajaQ 921y Isel paddois
......... 9|buy |0y wnwixep
“91Buy Yolid wnwixep
a|buy me A wnwixep

Aupgeys appiyap

9JIASP JO BUIIBUD
0] SUI|J8JU8I—aSOoN "

Kol
............. soueysig buiddors ynw 2'€9

Ai0yoafes] joedwi-jsod

......... umopapry [essie]
"umopapry [euipnjibuo]
................... AT IS

sanjeA ysiy juednasg

“ruolejuauQ/uoledo

€ IS9L HSVI 10] S)NSAY Jo Arewrwing °£°(] d4an3ig

R LERIEVY
‘lesaje gl 60€€
|euipnyibuo] Awwnp oN
abelany s-060°0 ‘xew gl 60€€
ql 660€
Aiwe) ejoho] z10z
Y00S|

dwep ‘@oepns 9}210U02 U0 pade|d

IIe3 saydul €G x do} 8y} Je sayoul z/|

-9e@ Alrewixoidde yoea ‘sjaueq

pues gpiesyselr) SSd Aiejaudod z|
S8YdUI % Z-Y 2z yidaq ‘sayoul Z-I 9 YIPIM
walsAg |alieg pues gpieoysel)

uolysnY YseuD aAj0IIPaY-UON

AIO [euipnyibuo-]

suoBIpUoY X3

tuﬂ_v_ Gl s ey >ﬂ_L0>0W uUNQE_

91-20-8102

21SSd-006069

Gb-€ 1591 HSVIN

(1.L1) ®nysu| uoneuodsuel] \QY Sexa |

~* paads
suonipuo? oeduwy

0l)e)S SS0J9
........... Rinwng
|e1yau) 1sa |
—qins
I9PON pue axep
.............. CO_QNCD_WOO\®Q>4_|

CIRIITEVSEET

uonipuo) pue adA} jlog

" sjuawa|g Aoy Jo [euLle

suolsuawi uone|eisu|
‘aweN
~adA)
9|01y }saL
....... aleq 1sa1
TUONISSLILL
"'ON Js®L pJepuels 1sa]
*Aouaby }sa|
uolewIou| [BIBUID)

MIIA UBld

NN\
ﬁ,/\ / ( ,‘ ( v
\_

\\\ /\\ /\//\)
I\ ANPANYAN -
L e Yol /\ NN

=
[

/\\ //

F\L,ﬂ

2018-05-15

49

TR No. 690900-PSS11-PSS16



"WAYSAS [QLIBY PUEBS ; PIEHYSEI)) UO pp-¢ IS ], HS Y 10§ SHNSIY Jo Arewwing */°¢ 2431

6gv-
6gz

Besi- a1 620G Jne)S $s0I9

QU “5#erirnmrmssssnnessnsanes CO:NELOMQD >EE:U ON e >EEDD

juswpedwo) JuednaoQ “xep 6v'L Q16208 lelJaul yse |

OOOOOOOWL ......................................... _ﬁ_oo m 502 QI ZOG e qin)

s8youlg9g uoljewllojeQ Jousixg ‘xe y/u 0'ge dnmoid 0051 VY 8bpoa Loz ISPON pue axeN

m\smou_N_‘ .......................................... OQO m pe C;OUOU_N_ _thuml_ ﬁ_ONNN ............... CO;NC@_WQO\OQ>._-
9Qdg) SAan 6oz umopapry [eulpnjibuo 9I21YdA 3saL
abeweq a|o1yapz S g AIO [elajeT] dwep ‘8deuns 9}2J0U0D UO pade|d uonipuog pue ad£] j10g

VYN YIpIM Buniiopn Jo 1ybieH S/ ¥yE " AIO [euipnyibuo] Iley sayour €G x doj 8y} je sayoul /|
J8)eag uIpIAA Bunpiopn sanjeA ysiy juednooQ -9¢@ Arewixoidde yoes ‘sjalieq

SUQDQ JO S|IBJOQ SO * s Jusueuwlad Op  9|buy pues gpiegyserd SSd Atejsudoud z| - sjuswalg Asy Jo [eualep

OA0QY BumelIq 9ag "ot olweukg paddo)g rpeads  sayoul %4z-y Lz yidaq ‘ssyoul Z-1 9 YIPIM T suolsuawiq uolejjeisu|

suol}o9|jaQ 921Ky Isa L SuonIpuo) X3 WRISAS [a11eg PUBS gPIBOYSBIY i aweN

oL T 9|buy ||0y wnwixep Y=diy] Jgg *ermmsinsae ABiauz onaury UoIYsSND YseuD SAIJOBIIPSY-UON s adA|
-G -+ 91buy yond wnwixepy ainjonujs dnyjoeq EIRN TR LT

o6€ - 9lbuy Me A winwixep 0 Jaulod Buipesym 91-Z0-810zZ TUrerEaeRie aleq isal

Amaeys apiyep SI2IY3A JO Jsjua] " Uoljejuso/uoiesn 1 1SSd-006069 TTUONSeLILL

WAy LL N T  9lbuy Y¥-€1S9L HSVIN """ 'ON }S8L pJepuejs }sa

weasjsdn sayouy 2] e aouejsiq buiddois UJIUE () gQ weminterannsaiansaniagesisneg paadg (IL1) @INjsu| uoneyodsuBl| [Ny SBXQ| i Kouaby }sa|
Aioyo9fes] yoedwi-jsod suonipuo) joedwy| uoljewloju| |esauan

L3
- 2

\\n ) l/;/ \ )

!/\f

\

MOIA UEId \\/ >
OORSS

2018-05-15

42

TR No. 690900-PSS11-PSS16



"WIISAS [PUIBY PUBS , PABHYSEID) UO ¢h-¢ ISA T, HSFI 10§ SHNSRY Jo Arewwing *9'g 2anSi |

aligly “ T uonewloyeq

EwEtmano Ema:ooo Xen
0000000S4 " “1ad0
sayoul QgL T uoljewlo)a(q JoudX3 "Xe

abeweq 9|21yaA

‘_oz.Nom ........................... r:U_; m:_v_LO\/\/

SUGOQ] JO SIBJBQ IO} -+-rrerrereeereesneres JUSUBULaY

®>OD< mc_;mho www .................................... O_ENC>D
Suo0I3I3JaQ AIDIHY ISOL

obh 9|buy |10y wnwixep

gy HeE 3Ibuy youd wnwixep

9 w_mc< MEA Wnuwixepn
Aunaess spoiyep

wbu i 6z
WEBBJJSUMOP }J Gy e aouejsiqg buiddoyg

Aioyoafes] yoedwi-jsod

m VAVI .......................... —mo:!_®>
Bgy “Ulelsien ql 2¥0S
606 * leuipnyibuo] Awwnp oN
abeiany s-060°0 ‘Xe ql 2¥0S -
L0 ISY q1 9867 -
By aHd dnold 0051 WV @6pod €102
YN grLg e AIHL d0.22
Bog UMOopapry [esdje]
6oL umopaply [eulpnjibuoT dwep ‘8oeuNs 9}210U0D U0 pade|d
SM QL AIO [eJsjeT] 1B} saydul G x do} 8y} Je sayoul /|
Sy 6Pz AIO [euipnyibuo -9¢@ Arewixoidde yoes ‘sjalieq
sanjeA ysiy juednooQ pues gpienyses) SSd Atejsudosd z|
oETBE e aibuy  sayoul %z-y £z uidaq ‘seyoul Z-) 9 UIPIM
paddoyg < paads wa)sAg |auieg pues gpieoysel)
suonipuo) X3y uolysn) yseuD aA0IIPaY-UON
Y-diy Gog ABisu3z onoury
ENTEIES) 10-€0-810¢C
0} BUIlJBJUSD — 3SON UOI}BJUSLIO/UOI}BI0T G1SSd-006069
oL'S 8|buy €¥-€ 1581 HSYIN
unw gz paads (1L1) @1su| uonepodsuel | NQY sexa]

suonipuo) joedw

....................... onelS $5019)
.............................. >EE=O
Blyau| §sa ]

................ 19PN PUE 3XE

uoneubisaq/adA |
9I21YaA 1581

T uonipuo9 pue adA] log

*syjuswalg Aay 1o [euale

921Uy JsaL
........................... a1eq 1891
...................... ONIS3L L1
....... ON Js8] pJepuels isa]
....................... >chm< #wvh

uoneWIoU| |RIBUSD)

MIIA UBld

_\\ /ﬁ\/ U
N ANANS

\/\

Q N\ Q Lw

S00C°1

$009°0

$00T0

2018-05-15

36

TR No. 690900-PSS11-PSS16



‘WIYSAS [dLaeg puEs  pIeDYSeI)) U0 Th-€ 1S9, HSFI 10}

S)[NSIY Jo Arewwing °9°/ NGy

............................ oI
.......... jesoie QIBLOZ o olelg $S0I9)
" leurpnyibuo] ql 91 - Awwing
= o] VIR uonewloyeq abelany s-060°0 ‘Xew al ¥Svz ‘|eigau| 3sa
swpedwo) JuednddQ xep 090" qiiQopg: e qn)
000000084 " 1a00 AV ory ey 010z I9PO\ pue axe
ssyoul o'zl uoljewloja(d Jousixg xep y/wy 8°82 20011 “uoneubisaq/edA L
EMIALE) e 0ad b6ge T UMopaply [elsjeT] SId1YdA IsaL
pAdg] TR San 627 umopaply [euipn}ibuo] dwep ‘aoeuNS 9}210U0D U0 pade|ld uonipuo) pue adA] ji0g
abeweq a[21yap Sy eg AIO [eJsjeT] IIe} saydul €G x do} 8y} Je sayoul z/|
Jspeos - YIpIM Bunpiopn S/ 66 * AIO leutpnyibuo] -9¢@ Alsiewixoidde yoes ‘sjaueq
sugaq Jo s|ieyeq 4oy Jusuewlad sanjeA ysiy juednooQ pues gpienysels) SSd Aiejaudosd z|  sjuswalg Asy 1o [euslep
AN0QY BUIMBIQ 89G *wrrrrrrr JlweuAQ MDD 901 e albuy  sayoul % z-y £z yideq ‘Sayoul Z-1 9 UIPIM suoisuswiq uone|ejsu|
suooayeQq 912IMY IsaL paddoyg < paads WIISAG |9LIEH PUBS oPIBDYSBIY rrwrrreresesssressinisenenes awepN
S 9|buy ||0y wnwixep SuonIpuo) X3 UOIYSND YSBID SAIOBUIPAY-UQN *rrrrrerrrmemrmeeeseeeeeee adA)
oG 3|Buy youd wnwixepy Y-diy ggg ABiou3z oneury 9101y IsaL
OQOF ................ w_mc< ;m> E:E_XNE wc__.hmﬂcmo leNﬁUlw FON ........................... Qﬁmo uwmn—-
Aungeis app1yap 0} suIBIUSD — SON uoljejusQ/uoned0] 91SSd-006069 " ONIsSL 1L
Wb o¢ oGTG T 8|buy CY-€IS8L HSYIN ‘ON Js81 pJepuels isa]
WEBBSUMOP } |g ~ e aoue)siqg buiddois VTV ol e ey paadg (1L1) annsu| uonepodsuel] Ny SBXQ| e Aouaby 1s8 |
Aioyoafes] ypoedwi-jsod suonipuo Joedw) uoljewsou| |eIdUID
MIA uBld \ : i i ,
Y cx B, x| rmrel
OO0 QYQQ@ T SR
OO00F— N
uonisod Jsal je @
SPIY3A 189 |
S00C'1 S 009°0 S00C0 S 00070

05-15

30 2018

TR No. 690900-PSS11-PSS16



"WAYSAS [LIBY PUBS  PIEHYSEI)) UO [H-¢€ IS ], HS Y 10§ S)NSIY JO Alewwing *9°9 danSiq

........................... uonewIosa
Juswipedwo) uedndoQ Xep

SUON

0000000S4
saydul o'LL
EN3IO4CL

€0421 abeweq a|21yap

BEN=RIS “UIpIM Buipiopn
SLIQa( 10 Sjieja( 40, Frstrrariinnnian jusuewlad
®>°D< mc_;mho oww .................................... U_ENE>D

m:o_uumzwn EIRTTVATEY]
91buy (10 WnWIXep
a|buy yold wnuwixepy
- 9|buy meA wnwixep

Aungels spdiysp
..................... aouejsig buiddoig

Aioyoeles) Joedwi-jsod

leuipnyibuo]
abelany s- omo‘o XeN

Y/ '8z
61y
6yz1L

...................... NHL
T UMOp3pIY [elajeT]
umopapry [eulpnyibuo]

SAE0 "AlO |essje
S/¥ 662" " ANIO leuipnjibuon]
sanjeA ysiy juednadQ
OO.N ................................. w_mc<
T, V- — poads
suonIpuo) yx3
Y-dij ggg ABiau3 onoury
Jajuad
0} J9Juad — asON
70

uiw €9
suonipuo) oedwj|

q1 920S

Awwnp oN

a1 9205

q122ZLs

dnxaid 0051 VY 86poa 10z
dozzz

dwep ‘adeuns 9}210U00 UO pade|d

1B} s3ydul G x do} 8y} Je sayoul /|,

-9¢@ Arewixoidde yoes ‘sjalieq

pues gpieyses) SSd Aejaudoud gy
S9YoUI % Z-Y LZ Widaq ‘sayoul /-1 9 YIPIAA
WolsAg |auleg pues gpleoysel)

uoIysNY Ysel dA0aIPaY-UON

10-€0-8102

¥1SSd-006069

L-€ 1591 HSYIN

(1.L1) ®nmsu| uoneuodsuel] Y sexa |

Jlje)sS ssouiH
.............................. >EEJD
T, ‘|enJaul 189

........ ISPON pue axe
uoneubisaq/adA
9IdIYdA 1soL

..... uonipuo9 pue adA} jlog

“ sjuawa|g Aayy Jo [eusep
...... SUOISUBWI( UOIB|BISU|

901UV IS8
........................... a1eq 1591
...................... ON 1891 ILL
...... ‘ON }s8]1 pJepuejs isa|
....................... >0C®m< H.wwl_l

uopeWLIo| [RIBUD

M3IIA uBld

OOOC

000, -
Q/\QQL.W

50090

2018-05-15

24

TR No. 690900-PSS11-PSS16



"WR)ISAS [dAIeg pUES , PIEHYSEI) U0 (p-¢ IS, HSFIA 10§ SHNSIY Jo Alewwing *9°g aanSiy

m 9z ql @OWN ....................... anels wwov_o
bgy- QI gL e Awwng
BUON " uoneuuojeq 69y " leurpnyibuo] ql Leve ‘|etusul 3sa |
uswpedwo) Juednad "xXep abeiany s-050°0 “Xe\ QI Lepg e qn)
0000000S4 L97Q e ISV 01y eIy 6002 " ISPO pue axep
sayour gL B g e aHd 00041 -~ “uoneubisaq/adA
eMm3a4el - YWD L7gg e AIHL 9I21YydA 3salL
€adet 6ez T UMOpapIY [elaleT] dwep ‘edepns 9}910U00 UO padeld uonipuo) pue adAj jlos
abeweq aj21ysp 606 umopapry [eulpnybuo Ile} sayour €G x doj ay} Je sayoul /|
19}}B2S UIpIA Buniiopn () TR AIO [eJaje -9¢@ Aerewixoidde yoes ‘sjalieq
suqgaq Jo sjeyeq Joj “jusuewad S/ T AIO [euipn}iBuo] pues gpieoysel) SSd Arejeudoid z| + syjuswa|3 Asy 4o [euslepy
9N0QY BuMBIQ 893G e olweuAqg sanjeA %siy Juedndd0  sayoul %,z-Y £z yidaq ‘sayoul -4 9 YIPIM suoisuawiq uolnejjejsu|
w:o_qu_hwﬁ_ 821Uy aW@.—. o1 R ®_mC< E®~m>w _N._‘_Nm UCNW Gﬁhmocmmho ................................. QENZ
.G - 91Buy |10y WNWIXep paddoyg e paadg UoIYsSND YSeID SAIOBIIPAY-UON W wrrrresrrrsseseseeees adA]
W€ T aIbuy yoNd wnuwixep suonIpuoy x3 SRl EET
QNQ ................ Q_mc< >>N> EDE_XNS_ t-Q_x w—.ﬂ crereesrrsienniana, a_.—o>¢m HOWQE_ WNlNO|wFON ........................... Qumo «wwn_-
Aungess epdiysp julod JJO — 8SON “uolejusuQ/uoed0 €1SSd-006069 Tttt ‘ONIsal 111
uel ol oGO T a|buy 0v-€1S9L HSYIN ™ ‘ON S8 pJepuels isa]
WeaJljsumop ¥ G| aoueysig buiddolg U/IW QTgQ e paads (1L1) @mnnsu| uonepodsues] NQY SBXe| e Aouaby 1sa |
Aioyoofes] Joedwi-jsod suonipuo) Joedw) uoljewloju| [eJauan

N AOOO0 e | =
COCCEO00F— R S

o

-15

05

18 2018-

TR No. 690900-PSS11-PSS16



"WIYSAS [dAuEg puUEBS (PIBOHYSEI)) UO [H-€ ISOL, HSFI 10)

S)[NSAY Jo Alewrwng °9-9 3anJiy

‘|edIBA ql9gog e dljels ssou9

“lesaje Awwnp O o Awwnq

.................... [eutpnyibuo- ql 9205 lelJau| 3sa |

........................... uonewoseQ abeIoNY $-050'0 “XeW 12215 e g

SUON  juswpedwo) JuednooQ Xe g s ISV dnxoid 0051 VY o6poq ¥10z ISPO pue axen

aHd d0.2e “uoneubisaq/edA
0000000S4 - T AIHL BI21YydA 3saL

S{YdUL QL) ey B UMopaply [elaje]
EN3O42L - B y'zL - umopapry |euipnyibuo] dwep ‘adepns 9)}210U00 U0 padeld uonipuo) pue adA] jlog
€042l abeweq a[o1yap SA QT AIQO [essjeT] 1B} sayul €G x do} a8y} Je sayoul g/
Sy 6GZ AIO [euipnyibuon] -9¢@ Alewixoidde yoea ‘sjalieq

IOEDG R UIpIA Buniiopn senjeA ysiy JuednasQ pues gpiegysel) SSd Aejeudoud g - sjuswa|g Asy 1o jeusiep

suga( Jo sjielaq Joy “Jusueuued “ralbuy  sayoul %z-y £z uidaq ‘Saudul -4 9 UIPIA T suoisuswiq uonejjejsu|

ON0QY BuMBIq 989G " olweuig * paadg walsAg |alieg pues gpieoyses) “aweN

suonoapaq dIoIMY 1S9 suonIpuod }x3 uolysny yselD aA}021IPaY-UON adk|
o “9|buy |10y wnuwixepy Y-diy ggg e ABiau3z onaury 9211y Is9L

oG " 81buy youd wnwixep J8judd L0-€0-8L0g " 9jegisal

oG T 9lbuy meA wnwixepy 0} J9juad — 9SON ¥1SSd-006069 ON ISl |1l

Anqes apdiyaa 20 LP-€ 1881 HSYIN ‘ON IS91 piepuels isa |

WEBBIISUMOP Y pg === aoue)sig buiddoyg ynw 2'¢9 - (111) anmsuj uonepodsues] N9y sexa] - Kouaby Jsa|
Aio3o0fes] Joedwi-jsod suonipuod joeduwj uoljew.oju| [eJauan

MIIA UBld

2018-05-15

24

TR No. 690900-PSS11-PSS16



"WIYSAS [2AIRY PUES , PARDYSEID) UO Th-¢ IS L, HSFHA 10§ S)NsY Jo Alewwing *9°/ aanSiq

QUON s uonewL0Je
Jawpedwo) juedndoQ xep
0000000 g e 1300
sayoul 0'Z1 uoljewlIo}aq JOUSIX Xep
SATQLZL e a0
PAZL e SAn
abeweq ajo1yaA
Jayeos - “YIPIA Buntiopy
s1ga( Jo s|ieyaq Joy ‘Jusuewad
OA0gY BUMBI( 99g "ot olweuiqg
suonoad|yaQ d2IMY IseL
of T ajbuy |10y wnwixep
oG aIbuy yoNd wnuwixepy
.901 - -+ 91Buy MBA WNWIXe
Aungess spoiyep
wbu Y 9¢
WBBNSUMOP ) Lg " aouejsiqg buiddoyg

Aioyoafel] joedwi-jsod

............................ [EoIIBA
S lessre]
“ [eutpnyibuo-]
abelany s-050°0 "Xew

090"~

m N.N e
Yy g wN

T UMOpapIY [elaje]
B 7t e umopapiy [eulpn}ibuo]

SMET N [elsjeT]
S/ 6'GC * AIO [euipnyibuoT
sanjeA ysiy juednooQ
>>oo o@OF ................................. U_QC<
U@QQO~® ................................ U@QQW
suonIpuoy 3ix3
y-diy ggg e ABisuz onaury
VS IED)
0} 8UIIBUBD — BSON UOIJBJUSLIQ/UOIEI0T
’ ~ 9|buy
© paadg

suonipuo) ypedw

q1619¢ 21)eIS SS0I9
g1 591 “ Awwing
ql ¥S¥e ‘|elyau| }sa ]
qIo9pg e qQn)
Ol ey 0102 |9PO\ pue aen
000k} uoneubisag/edA
BI21YydA IsaL

dwep ‘9depns 9}210U0D UO pade|d T uonipuo) pue adA} j10g
1Ie} sayour £G x doj sy je seyoul g/
-9¢@ Ajojewixoidde yoes ‘sjaieq
pues gpieoysel) SSd Arejeudoid z|  sjuswa|g Asy Jo jeusiepy
S8YIUI 7,2-Y £Z uidaQ ‘sayoul Z-4 9 YIPIM T suoisuswIq uone|jejsu

WRISAS [a11eg PUBS gPIEOUSBID oo sweN

UOIYSND YSBID SAIOBUIPSY-UON "o adA
921y IsaL

8¢-20-8L0g sjeqgisal

91SSd-006069 TTONISeL 1Ll

Zr-€1S8L HSYIN ‘ON 1S9 plepuels Jsa |
(1L1) @mnmsu| uoepodsuel] NRY SBXa| i Aouaby }sa|
uoljewWwIoju| [BIBUID)

MIIA UBld

QQQOOQQ

Q@QQ% il

uonisod Jsal je

S00CT'1

S009°0

S00C0

-05-15

30 2018

TR No. 690900-PSS11-PSS16



"WIYSAS [dAUEg pUBS ( PIBOHYSEI)) UO ¢p-€ ISO L, HSFIA 10J SINSARY Jo Arewwing *9°g dani |

6 pi- [ZIITEN

gl - lesole] Qugpog oneIS $5019)

6 0@ _NC_UDH._OCOI_ >EE3U ON rrensernnessessssesesasnasens >EEDO

QUON e uonewoaq 3BRIBAY $-050°0 “XEW QUgpOg o [eluau| 1591

Juewpedwon Juednod Xew U0 ISV QI ggEY e Qo

0000000S4 * BQrpy e aHd dmoid 0051 INVY 8bpo@ €10z [9PON pue axep

sayouI 0'E ) A Zf 2 ittt AIHL dozzz Co_umcm_wwo\wn>._,
EN3IO42L 6oz umopaply |essjeT] 9I21YdA 3saL
€04zZ1L 6oL umopapiy [euipn}ibuo] dwep ‘aoeuns 8}2I10U0D U0 pade|ld uonipuo) pue adA} jlog

abeweq ajo1yap S QL AIO [eJsjeT] 1B} S8ydul £G x do} ay} Je sayoul /|
Japedg e YIpIA Buniiopn Sy T AIO [eutpnyibuo -9e@ Aipjewixoidde yoes ‘sjeLeq

s1ga( Jo s|iejaQ Joy Jusueulad sanjep jsiy juednaoQ pues gpieyses) SSd Aeaudoid z|  sjuswa|g Aey Jo [euslep

BAOQY BumBI( 89G e Jlweuig -.£6€ " 8lbuy S9YIUI %,2-Y LZ Widaq ‘seyoul -1 9 YIPIM T suoisuswiq uonejejsu|

suojoaeQ 9I2IMY 1Sl paddols paads WoJSAS [911eg PUBS gPIEDYSBIQ i aweN

ob b T 9|buy [j0y wnwixep suonIpuo }x3 UOIYSND YSBID SAIOBUIPDY-UON " wrwrrrersessesmeeseess adAL
G ajbuy yond wnwixepy Yrdiy Gog e ABiauz onaury 2Py 3seL

,9€ T 3|buy MeA wnwixep |ulLu_d L0-€0-8L0g sleqisaL

Aunqels appiyap 03 dulIBjUBD — BSON uolejualO/uoed0 G1SSd-006069 T ONISOL ILL

wbu Y gz WAL 8|buy €Y-€1S8L HSYIN "~ "ON 1S9 piepue)g 1sa]

WEBBIISUMOP ) Gy "= 9aouejsig buiddoig y/iw 8'z9 paads (1.L1) snmsu| uonepodsuel] QY Sexa| e Aouaby 1sa |
Aioyoafes] Joedwi-jsod suonipuod joedwy uoljewlou| [eIdUd

MIIA UB|d - \.n....vl_ ¥y &
A/ YR Q ; — i :
oY ﬁ VAN AND
J / PANAN \/ N Q ;
NADADY, Mw ‘ .

S00C'1

$009°0

S 0000

2018-05-15

36

TR No. 690900-PSS11-PSS16



APPENDIX A. DETAILS OF THE TEST ARTICLE

Buimesq InoAe1 91-L1 SSA\GL-1 1 SSd BuleIQURAOY -WaISAS |a1ieg DUES-GL-| | SSIOU| swaishghiziesonseld-sSdieoueldwiod-006069\sall 4193000 d- 1 L

uonejelsul1sal | Jo | 19ays 061 9eds S39 Aq umeig
0L-¥0-8L0C Si9lieg SSd 91-LL SSd-006069¢# 199l0id

punoig) buinoiy aumnsuy N NN ; an SN yIm
- uoisinig Ajunoag [eaisAyd :Oamtgmtmﬁ '.‘\ \ 5 : 4

pue Alajes apispeoy WN®Y SEX3] =
‘Jybram
palissp aAsiyoe 0} pues jo Buoedwoy slinbal sjalieg sesay|
|ENUBI UOKE||BISU| Ul PBJEDIPUI SB SBUOYD JNOY)IM JO pesjsul
pues Buippe o} Joud sjaueg pues OOy | 8y} Ul SUasu| a0e|y ql
's|iejop oy1oads Joj Juaijo sy Ag papiaoid sbuimesq sy
893S 's|alieg pues ayj 8J0Uap 0} UMOYS 8l S8j0JI0 JlIBUSY) ‘B

0l : | 9jeos it
Y llejeg

4 s

i @

/104 s3j0Y

I1H Wim 21n08g

2018-05-15

X G LXGAA

61

g

uonejeisuj yse |

e B e

AL G

MBIA uB|d i =

‘ :

70 7¢]

WL P

]

* o o ¥ o o o —

L ] 5 =

: . 170}

20 S

(o)

a K

e

o

Z

&



