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1. Introduction

The July 25, 1997, memorandum from the Director, Office of Engineering, Information:
“Identifying Acceptable Highway Safety Features,” established four categories for work zone
traffic control devices. These categories differentiate between the various types of work zone
hardware required to be crashworthy and indicate the need to qualify these features under
testing and acceptance guidelines of the National Cooperative Highway Research Program
(NCHRP) Report 350. The requirement to use NCHRP Report 350 accepted hardware is for
projects on the National Highway System (NHS) advertised after October 1, 1998, or later
depending on the type of device. Crashworthy hardware is also to be used by maintenance,
force account, and utility forces warking on the NHS routes.

On August 28 the FHWA concurred with an agreement proposed by a task force of the
AASHTO to delay implementation of certain safety hardware, including many work zone
traffic control devices and barriers. The revised compliance dates for purchase of new work
zone devices that meet NCHRP Report 350 test and evaluation criteria are reflected herein.
Briefly, these dates are:

Category [ devices, October 1, 1998;

Category II devices, October 1, 2000;

Category I[II devices (attenuators), October 1, 1998; A

Category Il devices (temporary barriers), New units must have tensile and moment

resistance after October 1, 2000. New units must meet NCHRP Report 350 criteria after

Ocwober 1, 2002.



The agreement also stated that, except for certain temporary concrete barriers which are
discussed in Section III below, “agencies can phase out existing devices as they complete their
normal service life.” In light of the durability of some work zone devices, States may, if they
wish, prohibit after some future date the use of devices that have failed when crash tested or
have not been tested or evaluated for crashworthiness even before the end of their normal
service life. Additional guidance on implementing crashworthy roadside safety hardware and
work zone traftic control devices is contained in my memorandum dated August 28, on the
subject “National Cooperative Highway Research Program Report 350 Hardware Compliance
Dates.”

II. Purpose and Organization

This memorandum is an FHWA acceptance letter and includes lists of +-+ work zone traffic
control devices that have been determined to be crashworthy and accep: - :le for use on the
NHS. Attachment A contains these lists, along with more information :...d details for some of
the listed devices. Some of the category 1 and 2 devices listed as accepiable were tested in the
past using test conditions that, in some aspects, were ditferent from those required by NCHRP
Report 350. However, the test results were such that we are confident in accepting these
category 1 or 2 devices at NCHRP Report 350 Test Level 3 (TL-3).

Section I1I, below, reviews the basis for determining the acceptability of work zone hardware
for use on the NHS according to the four categories detailed in our July 25, 1997,
memorandum. Note that the crash test summaries in Attachment A include information on
some devices that have been tested and found unacceptable.

Attachment B contains a series of questions and answers developed in response to inguiries
from industry and our field offices. This information was developed as guidance by the
Offices of Highway Safety and Engineering, and may be found on the Internet at
http://www.ohs.fhwa.dot.gov/design.

Please note that the term “vendor” is used in this memorandum to represent any person or
organization {commercial or governmental) that designs, manufactures, sells, or deploys
highway safety hardware or traffic control devices. The term “State” is used to represent any
transportation agency, utility company, or other agency that specifies temporary traffic control
devices for use by their contractors or by their own forces.

III. Crashworthy Traffic Control Devices

Category 1 Devices

Low-mass, single-piece traffic cones, tubular markers, single-piece drums, and delineators are
category | devices and are, by detinition, considered crashworthy devices meeting NCHRP
Report 350 TL-3 criteria. At this time, no auxiliary lights or signs may be attached to devices
certified under category 1 devices. As little, if any, additional crash testing is required the
compliance date for implementing crashworthy category 1 devices remains October 1, 1998.



Through formal and informal crash testing, and because of years of experience, these
low-mass devices have shown that they will not cause an appreciable change in the speed

of an impacting vehicle and it is unlikely that any part of these devices will intrude into the
passenger compartment of a striking vehicle. See Atiachment A, Table 1.1, for a list of these
devices, including maximum mass and maximum height of the devices that were satistactorily
crash tested. That information may assist vendors in making an analysis of their specific
devices. For details of specific tests that were conducted on some of these devices, see
Attachment A, Table [.2. Please note that the data in Table [.2 are for information purposes
only. Not all information for each test was available from the reports on file and some of the
entries are incomplete.

While the States may place additional conditions on features to be used in highway\projects,
the FHWA suggests that States accept category 1 devices based on the self-certification by

the vendor. It is the responsibility of the vendor of the device to determine if, and to certify
that, their product is crashworthy--that it will meet the evaluation criteria of the NCHRP
Report 350. This certification may be a one-page affidavit signed by the vendor with
documentation supporting the certification (crash tests and/or engineering analysis) kept on file
by the certifying organization. This procedure was developed to reduce the regulatory burden
on the highway community in light of the great number of obviously similar crashworthy
devices being used today. If subsequent analysis or crash testing shows that a device is not
crashworthy as certified by the vendor, the device may be prohibited from use on the NHS.

Category 2 Devices

Like category 1 devices, certain other low mass traffic control devices qualify for a reduced
level of crash testing and/or reporting under NCHRP Report 350. Individual crash testing will
be required and FHWA letters of acceptance may be requested. Because of the great variety
of styles and sizes of devices and their attachments within category 2 the implementation date
has been delayed until October 1, 2000, to continue crash testing and to permit analysis of the
various devices.

Category 2 hardware that has been crash tested and that has received an acceptance letter from
the FHWA include various plastic barricades, vertical panel assemblies, portable sign
supports, and Type III barricades. The FHWA acceptance letters and the specific devices that
are considered acceptable are listed in Attachment A, Table II.1. Other acceptable category 2
devices that have been tested under State contracts are also listed in that table. Drawings of
most of the devices that passed the testing under these State contracts are illustrated in
Attachment A in Figures II.1 through I1.20.

Although the intent of this memorandum is to list acceptable devices, we believe it is
important to note that failures of certain devices that are in common use have occurred during
crash testing. These tests are listed in Attachment A, Table I1.2 and are highlighted with grey
shading. Information in the reports from these tests should provide useful starting points for
the design of crashworthy replacements for these failing devices.



It is likely many other devices have been successfully tested over the years and have been
placed in service. However, we only have details on the devices included in this
memorandum. The American Traffic Safety Services Association (ATSSA) has compiled
additional crash test information and is preparing a request for acceptance of various devices
produced by its member companies. Manufacturers are welcome to submit reports of crash
testing conducted on their devices to the FHWA, Office of Engineering for our review.
Vendors should note that in order to accelerate the acceptance of crashworthy work zone
traffic control devices and reduce the costs of full scale crash testing, the FHWA will review
the results of informal crash testing for category 2 work zone traffic control devices that meet
the reduced instrumentation requirements of Section 3.2.3.2 of NCHRP Report 350. Although
this section specifies a maximum mass of 45 kg, FHWA will consider devices on a case-by-
case basis if it is evident that they will not cause a significant velocity change (generally this
would encompass stand-alone devices up to a mass of 100 kg). See the guidance contained in
our memorandum of July 25, 1997, referenced earlier for additional information. (Lights,
signs, and other auxiliary devices are permitted only if they were included on tested drum,
barricade, etc., and the results were acceptable .)

Category 3 Devices

Category 3 devices are subject to the full testing and reporting requirements of NCHRP
Report 350. Individual acceptance letters for NCHRP Report 230 and NCHRP Report 350
crashworthy truck mounted attenuators (TMAs) and traffic barriers--impact attenuators (crash
cushions), barrier terminals, and longitudinal barriers (temporary and/or permanent)--are listed
in Attachment A, Table III.1.A. They are listed by type of hardware, then in alphabetical
order according to manufacturer. Each item is listed with the FHWA acceptance letter number
and date of that letter, the NCHRP"Report 350 test level to which it was tested (or “NCHRP
Report 230" if testing to the NCHRP Report 350 has not been done), and the name of the
device.

New work zone crash cushions (including TMAs) purchased after October 1, 1998, must meet
NCHRP Report 350 guidelines. The States can phase out existing barriers as they complete
their normal service life, except that barriers with joints that fail to transfer tension and
moment from one segment to another will not be acceptable after October 1, 2000, unless
demonstrated to be crashworthy. The five “Tested and Operational Connections” shown in
Chapter 9 of the AASHTO Roadside Design Guide will meet this requirement. New precast
temporary concrete barriers purchased after October 1, 2002, must meet the NCHRP

Report 350 criteria.

Because various sizes of breakaway sign supports are used in work zones, the entire list of
FHWA breakaway sign support acceptance letters is included as Attachment A, Table II1.1.B
of this memorandum. The adoption of the NCHRP Report 350 did not affect the status of
breakaway supports that had been tested under the AASHTO Standard Specifications for
Structural Supports for Highway Signs, Luminaires and Traffic Signals.



Category 4 Devices

The last category, which is actually a subset of category 3, includes portable, usually trailer-
mounted, devices such as area lighting supports, flashing arrow panels, temporary traffic
signals, and changeable message signs used in ot adjacent to the traveled way. The
AASHTO/FHWA agreement states that time is needed to conceive and evaluate alternative
measures for making these devices crashworthy, to examine the use and crash histories of
existing devices, and to review and, if needed, develop safer, cost-effective strategies for the
placement or replacement of these devices that will provide motorists with needed information
for driving in work zones. An announcement of an implementation date is anticipated by
October 1, 2000.

V. Disclaimers

Neither this memorandum nor any other FHWA correspondence recognizing the
crashworthiness of work zone hardware implies conformity with the Manual on Uniform
Traffic Control Devices (MUTCD). A vendor of a new device should check to see that it
conforms to the MUTCD before proceeding with a full-scale crash testing program.

The crashworthy roadside safety hardware and work zone traffic control devices covered by
this memorandum are acceptable for use in work zones or other locations as appropriate on the
NHS, within the range of conditions tested, if acceptable to the States. Our acceptance is
limited to the crashworthiness characteristics of the devices and does not cover their other
structural requirements. Vendors are expected to supply potential users with evidence of
crashworthiness (a certitication of crashworthiness for category 1 devices) and sufficient
information on design and installation requirements to ensure proper performance for all safety
hardware. We anticipate that the States will require certification from the vendors that the
hardware furnished has essentially the same chemistry, mechanical properties, and geometry as
that used in the crash testing, or that it is substantially similar to a tested device and that it will
meet the NCHRP Report 350 performance requirements as modified by the FHWA

Many of the devices covered by this memorandum are patented and therefore “proprietary.”
Temporary proprietary work zone hardware is usually selected by a contractor to meet general
requirements for the management of traffic through work zones. As such, the hardware can
be assumed to be exermnpt from the requirements for the use of patented or proprietary products
covered in 23 CFR 635.411. However, if such products are specified by name by a highway
agency for use on a Federal-aid highway project, except non-NHS projects, the requirements
of 23 CFR 635.411 must be met.
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ATTACHMENTS TO FHWA-HNG-14 MEMORANDUM INFORMATION: CRASH TESTED WORK ZONE

TRAFFIC CONTROL DEVICES DATED
August 28, 1998
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Attcaghment A, TABLE I.1
ACCEPTABRLE CRASHWOETHY CATEGORY 1 HARDWARE

Device! Composition Maximum Mass® | Maximum Height

Single Piege Traffic Cones | Rubber 9 kg 920 mm
Dlastic g kg 1220 mm

Tubular Markers® Rubber 6 kg 920 mm
Plastic & kg 920 mm

Single piece Drums! Hi Density 3% kg 920 mm
Plastic
Lo Density 35 kg 920 mm
Plastic

—— —

Delineators® Plastic, N / A 122 mm

Fiberglass

1. No lights, signs, flags, or octher auxiliary devices are allowed on
Category 1 devices. Some of these combinations may be found acceptable as
Category 2 devices.

2. Additiocnal ballast at the base consisting of a rubber truck tire zsidewall
or other similar, low - profile weights are acceptable. The mass shown here
is not & limiting value, rather it was the maximum mass of devices that have
been tested in the past.

3. Tubtlar markers may be affixed tc the pavement or curb, or mounted upon a
low - prefile, base with a flexible connection.

4. In this ceontext, “single piece” refers to the construction of the bedy of
the drum exclusive of a separate base, if any.

5. Delineatcrs are typically'driven directly into the seil. Reflective
sheeting or a reflective button are allowed on Category 1 devices.

&. Delineators have rarely bheen subjected to full scale crash testing kecause
in many cases they are shorter and lighter versions of tested and acceptable
steel sign supports. For use in work zones, currently available plastic and
fibverglass delineator posts are light weight and well within the =scope of
devices considered crashworthy.



Attachment A, TABLE 1.2

CRASH TEST INFORMATION FOR CATEGORY 1 DEVICES

CATEGORY 1 WORK ZONE TRAFFIC CONTROL DEVICES

(Less than 45 kg, Reduced test procedures of NCHRP 350 are
appropriate.)
DEVICE MANUFACTURER SIZE MATERIAL MASS LIGHTS, TEST SPEED VEHICLE DEBRIS~* VEHICLE ACCEPTED
(mm) {kg) ETC? (km/h) (kg) (m) DAMAGE
CONES Services & Mat‘ls Co 914 ? 5. Yes, Loose | NY - 65 97 2041 Insig. Insig. Cat. 1
W/0 Light

w " NY -114 48 2041 50 Cat . 1
Generic 914 ? 4. No NY-67 97 2041 Insig. None Cat. 1
w NY-113 48 2041 Insig. None Cat. 1
Road Safety Devices ? 8. 8# sandbag NY-71 97 816 70 None Cat. 1
» 8. Ballast ? NY-72 48 816 Insig. None Cat. 1

36" cones tested weighed 18# or less. As of June 1, 1998, lights are not acceptable for Category 1 devices.

DEVICE MANUFACTURER SIZE MATERIAL MASS LIGHTS, TEST SPEED VEHICLE DEBRIS* VEHICLE ACCEPTED

{mm) (kg) ETC? (km/h) (kg) {m) DAMAGE

TUBULAR MARKERS

TP-42 Service&Materials ? ? 6. No NY-66 97 2041 26 None Cat. 1

» " w " ? ? " " " " NY-112 48 2041 15 None Cat . 1

w " w " ? ? 6. (3.6 kg NY-73 97 816 17 None Cat. 1

ballast) ™
w " N " ? ? » v " " NY-74 48 816 18 None Cat. 1

* This column is an indication of what threat may be posed to workers when the device

is struck by a vehicle in the work zone.

¢y obey




Attachment A, TABLE I.2
CRASH TEST INFORMATION FOR CATEGORY 1 DEVICES {(Continued)

DEVICE MANUFACTURER SIZE MATERIAL MASS LIGHTS, TEST IMPACT TEST DEBRIS VEHICLE ACCEPTED
ETC? SPEED VEHICLE DAMAGE
PLASTIC DRUMS. Drum Body and Base are separate components. Note that
Lights, Signs, or other features attached to the top of the drum are not
acceptable for Category 1 devices at this time.
Drum Body Various HDPE 5 kg No *ox ok x Cat. 1
Accessories
* *
LDPE 5 kg No * ok w Cat. 1
Accessories
%
Drum Base various HDPE 35 kg Incl. Cat. 1
Ballast***
LDPE 35 kg | Incl. Cat. 1
Ballast***

** No lights, signs, ballast, nor any other features may be attached to the top or sides of the drum body under this category. Only
closed-top drums will be permitted in this category.

*** Drum Base Ballast must be sand or rubber tire sidewalls. No ballasting of drum bodies will be permitted

***x* Duye to the variety of available drums, the FHWA will not discriminate between them on the guestion of debris. Individual
manufacturers may be asked to show that their drums do not cause hazardous debris to workers or adjacent traffic.

py abey




Menor andum

FEDERAL HI GHWAY ADM NI STRATI ON
This table is an updated version of the one included in the FHWA

"Crash Tested Wrk Zone Traffic Control Devices"

Dated August 28, 1998

This list was |ast updated on May 23, 2000

ACCEPTABLE CRASHWORTHY CATEGORY 2 HARDWARE FOR WORK ZONES

Accept ance

Manuf act ur er,

Devi ce(s)

Letter # Devel oper,
And Date Agency, etc.
FHWA wz-1 wLl I ndustries $afetyCade Vertical, or SafetyCade Barricade Type II,,
6- 19- 97 Plastic, W th Warning Light AcceptedTL-3
A wz-2 I mpact Recovery \ertica Panel wdriveable Dbase,
| -28-98 Systems, Inc. Portable Single and Double Vertical Panels.
Fi xed Single-and Double Vvertical Panels
Fi xed Chevron sign Assenblies, Accepted-
FHWA WZ-2A Addi tion of Opposing Traffic Lane Divider, Portable
5-16-98 Chevron, and vertical Panels, wth 1ights.
FHWA WZ-2B Specify range of heights for vertical panels 945mm
3-3-2000 I 1220mm, and 1525mm as acceptabl e
FHWA  wz-3 Various FHWA  Meno of 8-28-98. [t finds the follTowng tested

devi ces acceptable for use on the NHS See Attachnent B,
Table 2 for test data, and the drawings after the tables
for illustrations of the crashworthy devices.

TTI for Texas
T et

TTlI tested numerous work zone traffic control devices.

Al |l the devices listed here were successfully tested in
these two crash test prograns and ret TM=3 criteria. The
attached drawings illustrate the tested hardware but do
not necessarily provide enough information to fabricate
the device. The crash testing is fully docunmented in the
two reports which should be consulted for additional

details of the hardware.
(TTI Report L) Spring Mounted Sian Support with Plastic/Fabric Sign
Note 1) |(see Figure 11.1, "Figure 21")
2) Portable Sign Support with Plastic/Fabric Sign, with
flags added on top (see Figure 11.2, "Figure 29")
3)D-4 Sign Trailer with Woden sign Panel
(see Figure 11.3, "Figure 33")
4) Skid Mounted Sign Support with Plywood Sign Panel (see
Figure 11.4, "Figure 37")
5 Perforated Steel Tube Type IIl Barricade with Plastic
Panels (see Figure 11.5 "Figure 41" & <“Figure 45"
6) Perforated Steel Tube Type IIl Barricade with 1x8 Wod
Panels (see Figure 11.6 "Figure 42")
7) Schematic of Plastic Type Il Barricade by Tex- Mex
Barricade (see Figure 11.7 “Figure 577) this hardware
; may no | onger be in production.?7
| B) Hollow Core Recycled Plastic Type |l Barricade”
(see Figure |I1.8 "Figure 61")
TTI  Report, 1) Type |1l Hollow Core Plastic Barricade (see Figure
Note 2 1.9 "Figure 1.") (Vertical braces were added to support
the panels prior to putting them in place on the
barri cade.)
2) Type Il Perforated Tubing Barricade (3.7 n
(see Figure 11.10 "Figure 2. (Vvertical braces added, as
noted above. Base connection detail also nodified.
Acceptable with 1x8 wood or hollow core plastic rails.)




arricade (f—2—m

(see Figure 11.11 "Figure 3.") (Vertical braces added, a
noted above. Base connection detail also nodified.
Acceptable with 1x8 wood or holl ow core plastic rails.)
4 HwyCom Fi berglass Type Il Barricade with plastic
panels (see Figure 11.12 "Figure 4.") (Round 76 mm
dianeter fiberglass pipes were used as the supports.)

5 Price Fiberglass Type |Il Barricade (see Figure 11.13

"Figure 5.") (89 nm x-32 nm x 6.4 nm fiberglass u-channel
supports were used.)

6) Spring-l1oaded Portable Sign Support (see Figure II1.14
"Figure 7") (Tested with nounting height of 610-nm)

7) Gound-nmounted Type |Ill barricade (see Figure 11.15

“Figure 8.) (Steel supports ground nounted in Poz-Loc
socket s. Al so acceptable with fiberglass supports in a
"Universal" anchor, and wth perf. square steel tubes in
anchors.)

8) Vertical Panel Assembly (three shown in Figure I1.16

"Figure 11.") (Pl ywood panel s nounted on wood, steel
angle, and plastic c-channel posts.)

9) Skid-mounted Sign Support. (See Figure 11.17
"Figure 10.") (No nodifications, but was tested end-on.)

(I'nadvertent
ly issued as
Wz - 5)

wz- 3 Fl asher Air Spill Barricade. Flexible vertical panel fixed to a
Conti nued Handl i ng 44.5-mm wide, 1170-nm tall fiberglass support. support
is fixed to a lowprofile rubber base.(See Figure 11.18)
Services & VB- RFL. Vertical panel acceptable as a Category 2 device
Materials Co. without lights. Tested with lights, but no details of
the Iight battery are avail abl e. (Mre information is
needed before this vertical panel can be found acceptable
with lights.)
Nevada DOT Breakaway Typelll Barricade (PVC Pipe, cable or rope
through all pipes). See FHWA Inplenentation Package
IP 75-6 "Breakaway Barricades". See Figures 11.19 and
11.20 (Drawings A-8 & A 9) of the final designs.
WARNI NG The New Jersey PVC Barricade was tested in
Cctober 1999 and failed when a horizontal elenent
penetrated the windshield in the 90 degree test.
Woni ng DOT Wod Type 111 Barricade (150-nm square wood horizontal s
and uprights, 3000-mm w de panels. See AASHTO Roadsi de
Design Quide Figure 9.18. Mass of tested unit was
150 kg, not 725 as shown.) ~
wz - 4 Wudenber g MSi Durastem Vertical Panel, with |ightweight warning
5- 29- 98 Ent er pri ses light attached.
Wz - 5 Flasher Air Spill Barricade vertical panel, Opposing Traffic Lan
7-23-98 Handl i ng Di vider, Breakaway perforated square steel tube frane
| |barricade
WZ- 6 Bent 1Type 11 plywood or plastic panel barricade*;
11-23-98 Manuf act uri ng Universal Plastic panel barricade*;

T-Top vertical panel*;

Superdone plastic drunt;

Type |1l Barricade*;

Masterfl ex Post (a vertical panel);

T-Top Delineator*; [* these devices may have a
lightweight warning light attached]

Wz - 7 Eastern Metal X-550 and C-102 Portable Sign Stands with plastic/fabric
112-14-98 Si gns.

wz- 8 Of the Wall Miul ti-Barrier MB2 hollow plastic barricade

2-5-99




-9 |Safety  Quest |Roadguard channel i zer by Traffic Safety Devices, Inc.,
E- 12-99
wz- 10 [Reser ved
wz-11 Recycl ed Hol ow core Recycled Piastic Barricades
2-16-99 Plastic
|Product s ,
wz- 12 Fl asher At Flow RolT Up Sign Unit, Bantam [ portable sign,
5-28-99 Handl i ng Pol ypr opyl ene sign Panel s on Drums
wz- 13 Eastern Metal/ Melba Barricade: Large Vertical Panel Assenblies, Type |
6- 3-99 USA Sign Barricades, Type |l Barricades
Eastern Metal: Super Flex Conpact Sign Stands, Interstate
Sign Stands, GConpact Non-Flexing Al umi num Sign Stands
Wz- 14 Pl asti cade Fibercade, Plasticade, and Pl asticade Sign Stand
5-28-99 Product s
wz - 15 W.I Industries $afety Cade Extended vertical panel with |ightweight
6-30-99 warning light
VZ- 16 Bent _ ULTRA vertical panel with [ightweight warning Iight
6-4-99 Manuf act uri ng
WZ- 17 D cke Tool Co. Type |I plastic Barricades with N ghtFl asher warning |ight
7-19-99 1500 Series Drum with NightFlasher warning Iight
12 nodels of Portable Sign Stands
MWz- 18 Pennsgl vania Institute for the Blind and Handi capped
7-20-99 Portable Sign Stand with Roll Up sign
wz- 19 Trail er-mounted portable sign stand with al um num sign
7-26-99
MZ-20 MD1 Conpact Portable Sign Stands with Roll Up Signs
10- 28-99
wz-21 Korman Signs Portable Sign Stands wth Roll Up signs
9- 26-99
wz- 22 Yodock Il Yodock barricade "2001lm Barrier wi th T3m Appar at us”
10-19-99 including 1.9 kg warning lights
WZ- 23 W.I Industries H gh Level Wrk Zone Sign Systemw th Plasticore S gn
10- 26-99 Substrate
WZ- 24 Traffi X Devices |\Vvarous cones, tubes, druns, barricades, portable sign
12-28-99 stands with roll-up signs
WZ- 25 Di cke Tool Portable Sign Stands, Phase TITT and Phase TV
PENDI NG
\WZ- 26 Wrk Area Prot. [B-400 Lighted Drum
12-29-99
WZ- 27 Roadmar ker Plastic Barricade
Under  Review
WZ- 28 MDI Portable Sign Stands
3- 3- 2000
wz- 29 Korman  Signs various Portable Signs Stands: Alumnum Al polic, Roll U
2-17- 2000
wz- 30 Sign Up Corp. "Conpact” Portable Sign Stands wth Roll-Up Signs.
4-10- 2000
wz- 31 Cant el Cantel of Medford Type IIl barricades as designed by
3-21-2000 Barri cade Bent Maq.
- 32 Pacific Safety |[Portable Sign Stands with roun Up Signs
2- 25-2000 Suppl v
wz- 33 3D Traffic Barricade
Witten Wor ks
wz- 34 Yodock \all Yodock barricade "2001 Barrier w th T3mAppar at us"
3- 23- 2000




Wz-35 Service Sgimg \&ticd Panel

3-23-2000

WzZ-36 Protection Type | and 11 barricades

To Typing Servi ces

May 23

wz-37 Lang Products Portable Sign Stands with Roll up signs

Under Revi ew

WZ- 38 Flex 0 Lite Barri cades, Sign Stands

Under Revi ew

wz- 39 Davi dson Type 11l Barricades

Under Review Plastics

wz- 40 FHWA | TTI Pool ed- Fund Study Devices: Perf.Square Tube Type IIl wth
Under Revi ew sign,

wz-41 wer I ndustr. Type | and Type Il barricades with Toughlite 2000 Lites.
Under Revi ew

wz- 42 cogent Cordonator  Channel i zer

Under Review Enterprises

Lightweight LED warning light BCD-3V Switchable

unassi gned Penn Dot Type 111 Barricade 3-28-00
unassi gned Sign Up Portable Sign Stands 3-28-00
unassi gned 3 D Traffic Barri cades 4-12-00
unassi gned Empcolite Bob's  Barricades 3-17-00 4-14-00
Traffic Control of Florida 5-12-00 need tw letters
unassi gned Traffix W Traffic control devices 4-20-00
unassi gned Di cke Tool Portable sign stands 5-17-00

unassi gned

Notes-

1. Eval uati on of Work Zone Barricades and Tenporary Sian Supports, Mak, Bligh, and
Menges Report No. 5388-1 Sponsored by the Texas DOT.

2. _Evaluation of Wrk Zone Barricades., Mk, Bligh, and Menges Report No. TX-97/3910- S
Sponsored by the Texas DOT.

3. The tested portable sign stands were supplied by Traffix Devices iInc. and MD -

W ndnast er. Rol | -up sign-sheeting was supplied by.Reflexite. Plastic barricade
panels were also supplied by Traffix. The acceptable portable sign stands all
featured horizontal <cross braces of lightweight fiberglass or plastic elenents.

Recent testing of some portable sign stands at 90 degrees shows that horizontal cross
braces of tubular netal penetrate the wi ndshield and a&re rnx consi dered crashworthy
wi t hout additional testing. Portable sign stands with horizontal metal tubes (or other
i nflexible elenments) supporting flexible signs may not be used on the NHS in a
position where they could be struck at right angles.

4. Horizontal and upright conponents of the hollow core recycled plastic barricades
were supplied by Recycled Plastic Products, Inc.




Nicholas Artimovich

F =zderal Highway Administration

Office of Highway Safety Infrastructure
400 Seventh Street, SW

Washington, DC 20590

((202)366-1331 phone

((202)366-3988 fax
Nick.artimovich@fhwa.dot.gov e-mail




Attachment A, TABLE II.2
BACKGROUND CRASH TEST INFORMATION FOR CATEGORY 2 DEVICES

CATEGORY 2 WORK ZONE TRAFFIC CONTROL DEVICES (Less than 45 kg, Reduced test procedures of NCHRP 350 are
appropriate.)

DEVICE MANUFACTURER SIZE MATERIAL MASS LIGHTS, TEST SPEED VEHICLE DEBRIS* VEHICLE ACCEPTED
(mm) (kg) ETC? {(km/h) tkg) {m) DAMAGE
VERTICAL Vertical Panels should be flexibly mounted on low-profile bases. Cinder blocks, tire rims, and other obstacles higher than 4 inches
PANELS may not be used as bases.
VB-RFL Services & 10.2 Bolted on NY-201 97 816 59 Minor Cat. 2
Materials Co
w " » “ 10.2 " v " 48 816 46 Minor Cat. 2
Air Spill |} Flasher Handling Rubber 33 None NY-99 g7 2041 54 Ncne Cat. 2
base and Incl.
fiberglass Sand
support bags
w “ » “ " "’ » " " NY-100 32 2041 ? None Cat . 2
w " " " " " " NY-101 80 2041 48 None Cat. 2
" " " “ N “ » None NY-102 32 2041 ? None Cat. 2
" ” " “ " v " None NY-103 80 2041 27 None Cat. 2
w " " “ " “ s Ncne NY-104 80 2041 24 Dents Cat. 2
o
<Y
«Q
™

oY




Attachment A,

TABLE II.2

BACKGROUND CRASH TEST INFORMATION FOR CATEGORY 2 DEVICES {Continued)

- Type 1, Type I1I,

DEVICE MANUFACTURER OR SIZE MATERIAL MASS LIGHTS, ETC? TEST IMPACT TEST DEBRIS VEHICLE Accepted
DESCRIPTION SPEED VEHICLE DAMAGE
BARRICADES or Type III (Grey shading indicates failing tests)

through all
pipes

Breakaway | Type III PVC Pipe Cable Normal 76 2040 kg 137 m Minor dents Cat 2
threaded km/h scrapes, and
through all scratches
pipes
Cable Normal 68 1021 kg 84 m Minor hood Cat. 2
threaded km/h dents

Square Generic Perf. 44 mm Plastic 453790-3 102 816 kg’ 109 m Minor dents, Cat .
Perf Tube Square Steel bases rail on km/h scratches and
Type III Tubes 38 mm elements concrete scrapes

uppers

0Ty 8bed




Attachment A, TABLE II.2

BACKGROUND CRASH TEST INFORMATION FOR CATEGORY 2 DEVICES (Continued)
DEVICE MANUFACTURER OR SIZE MATERIAL MASS LIGHTS, ETC? TEST IMPACT TEST DEBRIS VEHICLE Accepted
DESCRIPTION SPEED VEHICLE DAMAGE
BARRICADES - Type 1, Type 11, or Type III (Continued) (Grey shading indicates failing tests)
Square Generic Perf. 44 mm Plastic 453880-1 101 820 kg 121 m Dents, etc Cat. 2
Perf Tube | Square Steel bases rail On wet km/h Windshield
Type III Tubes 38 mm elements soil cracked only
uppers
» " » " 38 mm Wooden rail 453880-2 103 820 kg 46 m Minor dents, Cat. 2
bases elements On wet km/h scrapes and
38 mm soil scratches
uppers
Type III Tex-Mex Plastic Plastic 453790-2 100 820 kg 54 m Minor deﬂts, Cat. 2
Barricade Rect. panels km/h scrapes, &
Tubular scratches.
elements
Type III Hollow Core Recycled Recycled 453790-4 102 820 kg 77 m Minor dents, Cat. 2
Recycled Plastic plastic plastic km/h scrapes &
with Wood Base tubes. rail scratches
elements
Type III Hollow core Recycled Recycled 453880-3 101 820 kg 48 m Minor dents, Cat. 2
recycled plastic Plastic plastic km/h scrapes and
with wood base tubes rail scratches.
elements
Hino

11y 8beg




Attachment A, TABLE II.2
BACKGROUND CRASH TEST INFORMATION FOR CATEGORY 2 DEVICES (Continued)

PORTABLE SIGN SUPPORTS (Grey shading indicates failing tests)

DEVICE MANUFACTURER OR SIZE MATERIAL MASS LIGHTS, TEST IMPACT TEST DEBRIS VEHICLE Accepted
DESCRIPTION ETC? SPEED VEHICLE DAMAGE

Spring (unknown mfr.) 1 Metal Fabric sign 453580-1 99 816 kg 73 m Minor dents Cat. 2
Mounted Frame km/h scrapes, and
scratches”

Rigid {unknown mfr.) Metal Plastic/fab 453790-1 98 816 kg 20 m Minor dents Cat. 2
frame frame ric sign km/h scrapes, and
scratches
Trailer Texas Gen Serv. Metal Wooden sign 453580-3 99 816 kg 106 m Windshield Cat. 2
Div. frame on panel km/h cracked

wheels slightly
Fixed Wocd Type III on Wood Plywood 453360-3 98 816 kg 59 m Minor Cat. 2
Wood skids sign panel km/h

at 2.13 m

Marginal
£o Poot

o ) Na; :

eore oof, wingd Results
’plgétic shie}d:ok‘“ marginal
e : : ; - . i to. Rooy
* Worker Threat
e

**x No lights, signs, ballast, nor any other features may be attached to the top or sides of the drum body under this category. Only closed-top
drums will be permitted in this category.

**x* Drum Base Ballast must be sand or rubber tire sidewalls. No ballasting of drum bodies will be permitted

**** Dye to the variety of available drums, the FHWA will not discriminate between them on the question of debris. Individual manufacturers may be
asked to show that their drums do not cause hazardous debris to workers or adjacent traffic.
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3.2.2 Spring-Mounted Sign Support with Plastic/Fabric Sign Panel (Test No. 453580-1)

A schematic of the spring-mounted portable sign support with a 1219 mm x 1219 mm (48
in x 48 in) plastic/fabric sign mounted at a height of 305 mm (1 fi) is shown in Figure 21. The
test vehicle was a 1987 Yugo GV, as shown in Figure 22. Dimensions and information on the
vehicle are given in Appendix Figure 93. The test vehicle impacted the sign support head-on
with the centerline of the vehicle aligned with the centerline of the sign support, traveling at a
speed of 99.0 km/h (61.5 mi/h).

Upon .mpact, the plastic/fabric sign panel and the upper support arm began to deform on.

the hood. At 20 msec after impact, the upper support arm separated from the lower support arm
and the upper corner of the sign panel released. The lower comner of the sign panel released at
39 msec. The upper support arm and sign panel flipped up and contacted the roof of the vehicle
at 98 msec. The and panel lost contact at 119 msec as the vehicle was traveling at a
speed of 93.6 km/h (58.2 mi/h). The support base hung up on the undercarriage of the vehicle
and rode along with the vehicle. After the vehicle cleared the immediate test site, brakes on the
vehicle were applied at 500 msec after impact. Prior to brake application, the test vehicle was
traveling on a relatively straight-forward path. The vehicle subsequently came to rest 58 m (191
ft) down and 3 m (10 ft) to the west of the point of impact. The base support continued forward
another 15 m (49 ft) after the vehicle had stopped. Sequential photographs of the test period are
shown in Figure 23.

The spring-mounted portable sign support separated upon impact, as can be seen in Figure
22. Debris were strewn along the path of the vehicle in an area 3 m (10 ft) wide by 73 m (240
ft) long. Damage to the vehicle is also shown in Figure 22. There was a maximum crush in the
bumper of 70 mm (2.8 in) from impact with the support. There was a 32 mm (1.3 in) deep dent
in the roof toward the rear, the windshield received a small chip and the hood, bumper, and grill
were dented and scratched.

A brief summary of the results of this test is presented in Figure 24. The plastic/fabric
sign panel and upper support arm of the spring-mounted portable sign support scparated and went
up and over the vehicle, contacting the roof, but did not show potential risk of intrusion into the
passenger compartment. Debris from the sign support remained along the path of the vehicle
posing only minor potential hazard to other traffic or workers. The vehicle sustained damage to
the front bumper, hood, windshield and roof. The longitudinal occupant impact velocity was 2.2
mv/s (7.2 ft/s) and the highest 10-msec average ridedown acceleration was -1.1 g. There was no
occupant contact in the lateral direction during the test period. The maximum 50-msec average
accelerations were -1.4 g in the longitudinal direction and -0.3 g in the lateral direction. The
vehicle exited the immediate test site in a relatively smooth, stable manner and showed no
potential for intrusion into adjacent traffic lanes.

In summary, the spring-mounted portable sign support with plastic/fabric sign panel was
judged to have met all evaluation criteria set forth in NCHRP Report 350.
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3.2.4 Portable Sign Support with Plastic/Fabric Sign (Test No. 453790-1)

A schematic of the portable sign support with a 1219 mm x 1219 mm (48 in x 48 in)
plastic/fabric sign mounted at a height of 305 mm (1 ft) is shown in Figure 29. The test vehicle
was a 1988 Chevrolet Sprint, as shown in Figure 30. Dimensions and information on the vehicle

<
are given in Appendix Figure 94. The test vehicle impacted the sign support head-on with the ‘gié;:
centetline of the vehicle aligned with the centerline of the sign support, traveling at a speed of 3=
97.9 km/h (60.9 mi/h). 3 ®
As the vehicle impacted the portable sign support, the upper portion of the sign separated £

from the base and the plastic/fabric sign panel formed to the front of the vehicle. The
plastic/fabric sign panel and reinforcement strips contacted the windshield at 50 msec and 69
msec, respectively. At 100 msec, the flags contacted the roof of the vehicle and separated from
the sign panel. At 221 msec, the vehicle cleared the installation site traveling at a speed of 95.8
km/h (59.6 mi/h). Prior to brake application, the vehicle was tracking straight-forward. The
vehicle subsequently came to rest 102 m (336 ft) down and 1.7 m (5.5 ﬁ)tothenghtofthc point
of impact. Sequential photographs of the test period are shown in Figure 31.

=
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The portable sign support scparated upon impact, as can be seen in Figure 30. Fragments >
of the sign were strewn along the path of the vehicle in an area 5.5 m (18.0 ft) wide by 19.3 m 4 _ﬁa-r
(63.3 fi) long. Damage to the vehicle is also shown in Figure 30. There was no measurable 9 F__Cl”'_.
crush to the exterior of the vehicle, only scratches on the hood and on the roof where the flags g < _,}
made contact. -‘E LI
3 % Nx N
Abriefmmmaryoftheresultsofthistestisprgsentedin_Figurc32. Thepgﬂablesign ;: (éi iR Eg
support shattered upon impact. Fragments of the plastic/fabric sign pancl and the sign support (=3 ® I\ < |
made contact with the roof, but there was no penctration or intrusion into the occupant ; a5+ m(_‘, L
compartment. Debris from the sign was thrown along an area 5.5 m (18.0 ft) wide by 193 m Y 5 X NN F
(63.3 ft) long. The fragments were not large enough 0 pose potential hazard to oncoming traffic % &, o
in adjacent lanes or to workers in the arca. The vehicle sustained minor scratches to the hood . %§.
and roof. There was no measurable crush to the exterior of the vehicle. There was no 3 af® LD = s
longitudinal or lateral occupant impact. The 50-msec average accelerations were -0.6 g in the @ = - ~ ‘ \\a(i)% o
longitudinal direction and -0.4 g in the lateral direction. The vehicle exited the immediate test ] M a ﬁ;g} o £ x
site in a relatively smooth, stable manner and showed no potential for intrusion into adjacent o Qa = . 0 g’l% a
traffic lanes. 8 5 N =0 -83_ 3
o SR ®305 3 <
In summary, the portable sign support with plastic/fabric sign pancl was judged to have ® J_) rg,'g g é’_
met all evaluation criteria set forth in NCHRP Report 350. 5 N Y UI)
2 = g
= o I3
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33 TRANSPORTABLE SIGN SUPPORT (Test No. 453580-3)

A transportable sign support trailer was designed and fabricated by D-4 for use in
maintenance operations. The trailer allows the sign support t0 be transported from site to site and
set up with minimal effort. A schematic of the D-4 sign trailer with a 1219 mm x 1219 mm (48
in x 48 in) wooden sign panel mounted at a height of 1.52 m (5 ft) is shown in Figure 33. The
test vehicle was a 1987 Yugo GV, as shown in Figure 34. Dimensions and information on the
vehicle are given in Appendix Figure 93. The test vehicle impacted the sign trailer head-on with
the centesline of the vehicle aligned v=+h the centerline of the trailer, traveling at a speed of 98.6
km/h (61.3 mi/h).

At 12 msec after impact, the trailer wheels began to move. The sign panel support
released from the trailer support at 53 msec. By 104 msec, the sign panel and support separated
from the trailer. The sign panel and support went over the vehicle and made contact with the
roof at 138 msec. Loss of contact with the sign panel and support occurred at 160 msec at which
time the vehicle had slowed to 88.1 km/h (54.9 mi/h). The trailer remained in contact with the
front of the vehicle until brakes were applied at 3.0 seconds after impact. The vehicle
subsequently came to rest 99 m (325 ft) down and 2 m (6.5 ) to the west of the point of impact.
The trailer continued another 7 m (23 ft) forward before coming to rest. Sequential photographs
of the test period are shown in Figure 35.

As shown in Figure 34, the sign pane] and support separated from the trailer upon iropact.
The sign panel and upper support structure came to rest 2 m (7 ft) down and 4 m (12 ft) to the
left side of the vehicle path. The sign support trailer came to rest 106 m (348 ft) down and 3
m (9 R) to the right of the point of impact with a fragment 3.4 m (11 ft) west of the trailer. The
trailer was deformed and some of the welds broken. As can also be seen in Figure 34, the
vehicle sustained moderate damage to the front. The maximum crush st bumper height was 330
mm (13.0 in). The windshield was cracked starting at the edge of the roof near the center.
There were also two dents in the roof, the deepest approximately 8 mm (0.3 in). There were
dents and scratches on the hood and the bumper, grill and radiator were damaged.

A brief summary of the results of this test is presented in Figure 36. The sign panel and
upper support structure separated from the trailer upon impact and went up and over the vehicle,
contacting the roof just above the windshield, causing a few stress cracks. There was no
penetration of the passenger compertment and the cracks did not impair driver vision. Debris
from the sign support trailer remained along the path of the vehicle posing minimal potential
hazard to other traffic or workers. The trailer was deformed and some of the welds on the frame
had separated. The vehicle sustsined 330 mm (13.0 in) crush to the center front st bumper height
and the bumper was partially detached from the vehicle. The hood was scraiched and dented,
the windshield was cracked and the roof deformed slightly. The longitudinal occupant impact
velocity was 2.0 m/s (6.6 ft/s) and the highest 10-msec ridedown acceleration was 0.4 g. There
was no occupant contact in the lateral direction during the test period. The maximum 50-msec
average accelerations were -3.2 g in the longitudinal direction and -0.3 g in the lateral direction.
The vehicle exited the immediate test site in a relatively smooth, stable manner and showed no
potential for intrusion into adjacent traffic lanes.
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Figure 33. Schematic of D-4 Sign Trailer with Wooden Sign Panel (Test No. 453580-3)

66




3.4 FIXED SIGN SUPPORT (Test No. 453360-3)

The skid-mounted sign support is shown in the TxDOT "Barricade and Construction
Standards” sheets as onc of the approved fixed sign support designs. Signs erected on fixed
supports are required to have a minimum height from the ground 10 the bottom of the sign panel
of 1.52 m (5 ft) in rural areas and 2.13 m (7 f) in urban applications. The mounting height of
1.52 m (5 ft) was cousidered to have a higher potential for impacting and penetrating the
windshield of an impacting vehicle and thus s more critical condition. Also, a pickup truck was
considered a more critical test vehicle than the small passenger car due to the geometry of the

sign support in relation to the vehicle. Thus, a mounting height of 1.52 m (5 ft) for the sign
pancl was selected for the test as well as a pickup truck.

Note that the Department has since revised its standards to use a sign pancl mounting
beight of 2.13 m (7 R) for all fixed sign supports in both rural and urban applications. However,
since the 1.52-m (5-ft) mounting height is considered more critical from the impact standpoint,
results of this crash test should also apply 10 a fixed sign support with a mounting height of 2.13
m (7 ft). In other words, it is believed that a fixed sign support with a mounting height of 2.13
m (7 ft) woukd perform equaily, if not better, than one with a mounting height of 1.52 m (5 ft).
Since the sign performed satisfactorily in this crash test, it can be concluded that a fixed
sign support with a 2.13-m (7-ft) mounting height would also perform satisfactorily and there is
no need to rerun the test with the higher mounting height.

A schematic of the skid-mounted sign support with a 1219 mm x 1219 mm (48 in x 48
in) wooden sign pancl mounted at a height of 1.52 m (5 R) is shown in Figure 37. The test
vehicle was a 1984 Chevrolet pickup truck, as shown in Figure 38. Dimensions and information
on the vehicle are given in Appendix Figure 95. The test vehicle impacted the skid mounted sign
support head-on with the centerline of the vehicle aligned with the centerline of the sign support,
traveling at a speed of 98.0 kb (60.9 mi/h).

Immediately upon impact, the vertical supports began to fracture at bumper height and
approximately 1.8 m (6 f) above ground level. The panel and picces of the support rose up and
over the hood of the pickup, while the pickup traveled over the bases. A broken segment of the
support then struck the roof near the rear of the cab at 79 msec and bounced off at 126 msec.
Pieces of the support continued over the pickup with several pieces landing in the bed of the
pickup. The time at loss of contact with the sign support, i.c., when the fractured support ended
contact with the vehicle, was 126 msec and the vehicle had slowed to 91.4 km/h (56.8 mi‘h).
Afier the vehicle cleared the immediste test site, brakes on the vehicle were applied at 950 msec
after impact. Prior to brake application the test vehicle was traveling on a relatively straight-
forward path. The vehicle subsequently came o rest 133 m (435 R) down and 4 m (12 R) 10 the
left of the point of impact. Sequential photographs of the test period are shown in Figure 39.

As can be soen in Figure 38, the skid-mounted sign support fractured upon impact. Debris
and sand were strewn along the path of the vehicle in an area 9 m (30 ft) wide by 59 m (195 f)
long. Damage 1o the vehicle is also shown in Figure 38. There were two dents in the bumper,

13 mm (0.5 in) and 19 mm (0.75 in) from impact with the supports. There was a small dent in
the rear of the roof of the cab.

A brief summary of the results of this test is presented in Figure 40. The vertical supports
fractured upon impact and the sign panel and fractured vertical support impacted the roof of the
vehicle but did not deform into the occupant compartment, therefore showing no potential risk
to occupants of the vehicle. Debris from the barricade was thrown along an arca 9 m (30 ft)
wide by 59 m (195 ft) long. Some fragments were fairly large which could pose potential hazard
10 oncoming traffic in adjacent lanes and to workers in the area. Sand was also scattered on the
pavement which could lead to loss of control of other vehicles. The vehicle sustained damage
to the front bumper, hood, and roof. The longitudinal occupant impact velocity was 0.7 m/s (2.2
ft/s), and the highest 10-msec average ridedown acceleration was - | g. The lateral occupant
impact velocity was 0.8 m/s (2.6 fts), and the highest 10-msec average riu.down acceleration was
-0.2 g. The maximum 50-msec average accelerations were -0.8 g in the longitudinal direction
and 0.5 g in the lateral direction. The vehicle exited the immediate test site in a relatively
smooth, stable manner and showed no potential for intrusion into adjacent traffic lanes.

In summary, the skid-mounted sign support with wooden sign panel was judged to have
met all evaluation criteria set forth in NCHRP Report 350. As discussed previously, this
assessment would apply to both mounting heights of 1.52 m (5 i) and 2.13 m (7 f).
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38 (1 1/2) TELSPAR

PERFORATED TUBING

— attached to upright
with splice plate

PLASTIC |-BEAM ———
w/ 38 (1 1/2)

Dimensions are in millimeters (inches)

J L
HOLLOW CORE FLANGES \

PLASTIC |-BEAM PANEL -

W/ HOLLOW CORE :

FLANGES
ﬂ (2]

44 (1 2/3) SQUARE ——— —1 '

PERFORATED TUBING .

— attached to uprights
with splice plates

TOP VIEW

-]_'hss (6 1/8)

SEE DETAIL B /

Varies 1219-3658

(4B8-144)

FRONT VIEW

301

(1 1/2)

|

i)

(z/1
L'0¢

2.7 (0.105)

v

AI
— 11.1 (7/16) DIA. HOLES
25.4 (1) 0.C. 4 SIDES
FULL LENGTH OF TUBE

(1 1/2) SQUARE TUBE

61

1/2)

|s749 (29 1/2);
f’

38.1 (1 1/2) SQUARE
PERFORATED TUBING

SEE DETAIL A

—attached to upright
with splice plates

44 (1 3/4) SQUARE
/PERFORATED TUBING

I——1524 (so)‘—l

SIDE VIEW

Figure 41. Perforated Steel Tube Type III Barricade with Plastic Panels
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Dimensions are in millimeters (inches)

T 381 (1 1/2) : - 380 (1 1/2)
o /—- Vertical Support o}/ Vertical Support
(o] o
o o} 44 (1 3/4) Tube Sleeve
Q. 44 (1 3/4) Q. 10 (3/8) Dia. x 57 (2 1/4) Long
oY/ Tube Sleeve e} A307 Bolt or Pin
EQ: (3/8) ) fxx: Splice Plate
o 10 (3/8) Dia. x 76 (3) Long fe) : /_ — 44 (1 3/4) Horizontal Brace
1 : A307 Bolt T 5 /— |
oMt 6 (1/4) Dia. x 64 (2 1/2) L ’ So@cdooooooo
254 (10) y | A3tg7/8_2>ltslo X ) Long O . '
b . . oo
1e Splice Plates (See D"“"”\ o Am;sés?( Dia. x 76 (3) Long
o] 44 (1 3/4 - ons 156 (6 1/8)
. o / Bnag Suépc)\r'( Qa
%OOOOO@OOOOO%
. 34 (133/4)—m—-ﬂ—/‘
Qse uppor
DETAIL A PP DETAIL B
130 (5 1/8)
_—119 ] ! 13 (1/2)
(3/41 (2 1/8) O 3/T|
1/4)
{ A36 Steel At I‘G /
13 (1/2)
1‘“““\ﬁﬁ:) -
25 (1) |™ 21 (5/6) ]
76 (3) -*———— -} —-— - }— - — 1/~ Dia. Holes -
25 (1)
| B 11 (7/16
13 (1/2) O oiCL(H{)Ies) /L ]_
} 19 (3/4) '

SPLICE PLATE Radius

4 b

Figure 41. Perforated Steel Tube Type I1I Barricade with Plastic Panels (continued)
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12.1 Perforated Tubing with Plastic Rail Elements (Test No. 453790-3)

A schematic of the Type IIl barricade fabricated from perforated steel tubing with plastic -

rail elements is shown in Figure 45. The barricade was purchased from TrafFix Devices, Inc.
The test vehicle was a 1988 Chevrolet Sprint, as shown in Figure 46. Dimecnsions and
information on the vehicle are given in Appendix Figure 94. The test vehicle impacted the
lmmadehmdonwﬂhthcomwhmoflhevduclelhmdmthdnmmhmofdnm
traveling at a speed of 102.0 kin/h (63.4 mi/h).

As the v zhicle impacted the vertical supports, the middle and upper plastic rail clements
separated from the vertical supports. The lower plastic rail element and vertical supports
deformed and wrapped around the front of the vehicle. Windshield contact by the middle plastic
rail element occurred at 42 msec and with the upper rail element at 54 msec. The vehicle lost
contact with the barricade at 69 msec, traveling at a speed of 95.2 km/h (59.2 mi/h). Prior to
brake application, the vehicle was tracking straight-forward. The vehicle subsequently came to
rest 91.7 m (301.0 ft) down and 7.9 m (26.0 R) to the left of the point of i Sequ?ml
photographs of the test period are shown in Figure 47. :

As can be seen in Figure 46, the plastic rail elements separated from the’wertical supports
upon impact. The shear pins for the vertical supports sheared as designed, but the impact speed
was too high for the vertical supports to fold down. Instead, the vertical supports wrapped
around the front the vehicle and stayed with the vehicle until final rest. Debris and sand were
strewn along the path of the vehicle in an area 11 m (35 ft) wide by 109 m (358 R) long.
Damage to the vehicle is also shown in Figure 46. The bumper, grill, and hood were dented and
scratched. The windshield was cracked, however, no penetration or intrusion of the occupant
compartment occurred. Maximum crush to the exterior of the vehicle at the left front corner of
the bumper was 70 mm (2.8 in).

Abnefsummaryofthermdlsofthxst&nupxmtedmhgwe“ Theplasucrml
clementsseparuedfromthcvemcalsupponsandmadccomactmthﬂw windshield,
but did not penetrate the occupant compartment. Debris from the pas thrown along
an area 11 m (35 f) wide by 109 m (358 ft) long. Themeulmppomandbpurodcahugin
front of the vehicle and most of the ranaining fragments were not large or heavy enough to pose
potential hazard to oncoming traffic in adjacent lanes or to workers in the area. Damage to the
vehicle included dents and scraiches to the bumper, grill, and hood. The windshield was cracked
by contact with the plastic rail elemeunts, but there was no penetration or intrusion into the
occupant compartment. The longitudinal occupant impact velocity was 1.7 m/s (5.7 ft/s) and
the highest 10-msec average ridedown acceleration was -0.3 g. There was no lateral occupant
contact. The 50-msec average accelerations were -2.9 g in the longitudinal direction and -0.5 g
in the lateral direction. mvehxcleemcdtbcnmmedmctutsuemamhnvely.nooth,mble
manner and showed no potential for intrusion into adjacent traffic lanes.

In summary, the Type III barricade fabricated from perforated tubing with plastic rail
clements was judged to have met all evaluation criteria set forth in NCHRP Report 350.
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423 Perforated Tubing with Wooden Rail Elements, Wet Soil Condition
(Test No. 453880-2)

A Type I1I barricade fabricated from perforated steel tubing with woodea rail elements,
similar to that used in test nos. 453790-3 and 453880-1, was tested under wet soil condition, i.c.,
the barricade was placed on wet s0il instead of a concrete pavement surface. A schematic of the
barricade is shown in Figure 53. The barricade was fabricated from perforated steel tubing and
wooden panecls. The test vehicle was a 1989 Chevrolet Sprint, as shown in Figure 54.
Dimensions and information on the vehicle are given in Appendix Figure 90. The test vehicle
impacted the plastic Type III barricade head-on with the centerline of the vehicle aligned with
the centerline of the barricade, traveling at a speed of 102.7 km/h (63.4 mi/h).
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As the vehicle impacted the lower rail clement of the barricade, the wooden rail element
split and then shattered. The vertical supports deformed and wrapped around the front of the
vehicle. At 12 msec after impact, the middle wooden rail element split. At 14 msec, the right
vertical support fractured at bumper height and at 19 msec, the left vertical support also fractured
at bumper height. The top wooden rail clement contacted the hood of the vehicle at 38 msec.
At 46 msec, the right vertical support separated from the rail element and became airborne while
the vehicle was traveling at a speed of 93.4 kin/h (58.0 mi/h). The left vertical support rode
along the front of the vehicle and lost contact with the vehicle at 176 msec as the vehicle had
slowed to 92.5 km/h (57.5 mi/h). Prior to brake application, the vehicle was tracking straight-
forward. The vehicle subsequently came to rest 116 m (379 ft) down and 6.7 m (21.8 ft) lefi of
the point of impact. Sequential photographs of the test period are shown in Figure 55.
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As can be seen in Figure 54, the barricade shattered upon impact. Debris and sand were
strewn along the path of the vchicle in an area 11 m (36.5 ft) wide by 46 m (151 ft) long.
Damage to the vehicle is also shown in Figure 54. There were dents snd scratches along the
bumper, grill, and hood and the left rear tire was aired-out. :
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A brief summary of the results of this test is presented in Figure 56. The barricade
shattered upon impact and broken segments of the barricade made contact with the hood, but did
not penetrate the occupant compartment. Debris from the barricade was thrown along an area
11 m (36.5 R) wide by 46 m (151 ft) long. Most fragments were not Jarge enough to pose
potential hazard to oncoming traffic in adjacent lanes. The fractured metal vertical supports could
cause minor hazard to workers in the area. The vehicle sustained minor damage to the bumper,
grill, and hood. There was no penetration or intrusion into the occupant compartiment. The
longitudinal occupant impact velocity was 2.3 m/s (7.6 fi/s) and the highest 10-msec aycrage
ridedow.. ~cceleration was -1.8 g. There was no lateral occupant contact. The 50-msec average
accelerations were -3.5 g in the longitudinal direction and 0.7 g in the lateral direction. The
vehicle exited the immediatc test site in a relatively smooth, stable manner and showed no
potential for intrusion into adjacent traffic lanes.
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In summary, the Type III barricade fabricated from perforated tubing with wooden rail
clements tested with wet soil condition was also judged to have met all evaluation criteria set
forth in NCHRP Report 350.

(€) 9 * 'wig (8/€) 01

s2)D|d BOHAS YIim

wbudn o) paysojo~
ONIBNL Q31¥¥03u3d

vnos (¢/ 1) »y
ONIBNL 031YHOIUId

3yvnos (2/1 1) VBS
(1INVd ¥3d ¥) S1108 ONOY

ozy BﬁPd

105

£l




Page A21

2-3/8"x¥
rted

poly—vinyl
33 1b
27 b

5" x5"x60"
poly—-vinyl

hollow
arricade:

upper portion:

. —

[ e
l—-——36"—'l U=-chann

~
of b

|

of

Product # 94-870

1

15-1 /2':l |
. /— inve
C
Tex—Mex Poly—vinyl Type Il Barricade
Total weight
Weight

60"

=

58"

Baryicade by Tex-Mex Barricade (Test No. 453790-2)

T1/2"

_}

0+

e

T

3 36"

[

Sy

34-1/2% 12
36" —=

|--43—1/2

i

po— 48" ——=

N

hollow poly—vinyl

+
¢

2" long
87, Schematic of Plastic Type Il

through

5-1/2
post and base

5" x5" x60"
hollow
poly—ylnyl
1-1/2" thick
1/2" PVC
/
inserted
1/2° PVC
/2" long
inserted throug
post and basse

6-1
6-1

1411

"05€ Moday JYHON UT quo) 196 BLIILD uonen
goﬁsﬁgqgggﬁhfgaﬂﬂhia gﬂ__go:a

*sauv] 1Fen Juoelpe oyur uosnnwi 10§ [eRuNCd 00 PIMOYS puB JANNTETI
QWIS IOOWS A[IATITIA ¥ WL TS 1S3} JETPIUNT AR PINXI I[OMIA AL, "UORIAMP [RIS1e] X UL
3 ¢°0- pue uonseNp [EUTPMIRUO] A UL 3 6'[- AUIM SUONRISNIOTE ITRIIAR SSW-O§ ML AUCO
wreditooo [e1ore] o0 sem AN B 7'0- SeM UONRINIINE UMOPIPU ITrIdAR 2osw-(] 159y3ry o
pue (s/3 $°7) s/m g0 sem Ayoopa wedin ymednoso eurpnyiduo] oq) “pooy pue sdumq 3 o
gh!.”u_x!g JOTGIA ], ©IT® NP UT SIOUOM 03 prezey 1yBrs @ asod Kem spoddns
ﬂuh»oé ‘10A3MOY ‘soue] Juoe(pe w ogyen Surmoouo oy prezey renuxod ssod 01 g3nowd
ansg&!snpgaaauéuﬁ “Buof (¥ 9L} W S £q 3P (Y 07) W 9
e Suoe umony sem SpesLLRq A WO suqy] Tusunedwos yednaco s senIuad j0u
Evﬁjgoéafgoggggaﬂgggggué%
suoddnis reonsoa X1 .Sgﬁmmﬂg&&gaauo%na«og.ﬁr<

‘pooy At Buoe SHYNBIOS I M
ﬂﬁ?&gﬁssgggé "3800] SeM IPIS S, ALP AP UO JYBTpesy I pue
py#ys dn pogsnd sum sadumq o) ‘gg amB1g Ur UMOYS OS[E ST IOMYOA g3 0F dFsureq “3uo]
(Y 9L1) W S £q spwa (¥ 07) ™ 9 w2 Uw W SPIPA A Jo [ed I 0o WMINS ABM puEs pue
suqaq 1vedunt uodn 359q o woy pomredas spedLLEq o ‘g ANIL T I 3q WD SY

"6 2m31y w1 umoys are
potrad 1531 o Jo sydeiBojoqd penusnbog -yedunt jo jutod I Jo ysq (Y m.sao.gﬁsm;s
(9 8L7) w g3 1531 03 Jumwd Lpuanbosqns APMPA L Premio)-1yBrens Sunjoen sem AOMPA I
“vonuondds yexq 01 1oy “(YNT §'65) YUY €96 JO Poods 8 18 FuroArn ‘oW 69 T8 IpedLEq
0 QM 10¥IU00 150] IIMRA N, IO I B0 pUS din PANUNIVOO PUE JIRPA AP JO Pooy P
U 10B1U0D ([0 UT SBM IPEILLIRG [ DWW L TV “IPNPA AP JO JU0K ) 0) PIULIOJOP Pue Jum
U0 s® 358q Q) WOy paywmdas spoddng (eNDA X OpeotLEq A PR JOGRA AP SV

(yrm $°Z9) Quny €001 JO poods ¢ 18 Butjasen ‘spesiireq

T T LLIeq 3} JO JUTEANUD IO
N pOUBT[e OIGOA ) JO FTNTI0 AP M U0-pesy speoureq [1] >dA | onserd sq paroedun
oA 1831 XL b6 am31J xipuaddy U1 UIATS a1 3[OMPA ) O TONEULOJM PUE SUOKUIMC
hnﬁamagaaiimﬂaaﬂza_-aa%&.é s smfty m umoxs
1 opeoLLIRg XIN-X3], AQ pamoenueur spesiureq [f] 2dA] dnseid o Jo dOEWYIS v

(T-06LESY "ON 19]) Ipwnuieg XIW-TI, £q spsnureg 1] 2dLL dusely »'TP




SCcrews

5x 2-1/2"

Page A22
2x4x36 wood

2x6x60 wood

s

@ wood

No.

—— 60 ———=

|~ 3-3/8 x 3-3/8
[ Recycled Plastic
2

l

p=-28-1/ 4"

f AN

6 Ou

20"

|

jr29—3/ 8"-‘E

jo— 48" ——=

™~
N

I

x 3-3/8"

3-1/2" x 3/4"—4,
Recycled Plastic
bases

3-3/8"
Recycled Plastic
Wood

2x6x60

Lt

pright

"0§€ uodoy JYHON U1 YHOJ 136 LD UOGEN(eAd (8 10T JaeY 0f paSpnf sem 5Uq WPOOM M
[euew onseid Popakaas 2100 MOfIOY WOY PoEdLIqe) Jpesiireq [f] oA p ‘Arewrums up

with Wood Bases
23 b

Total weight of barricade: 80 Ib

“SouN] SYyen 1u0e(pe 01 DOTSIAU! 10§ [BNUI0d OU |~ WOYS PUR JSUUBW JIqEIS ‘OOWS
APATISIAI ® UL 18 159) ETpSTIN AN PAIXD IOMIA N||  TONRIP [INE] HQ Ul 3 ¢£°0- pue
uonsanp eutprgiBuo] AP U 3 £'¢- 1IN SUONWINIOTE IBRIAE 20EW-(S AL I0VIU0O Jwednadco
[ea3te] OU swm R[] 3 $0 Sem UOREINRO0E TMOPOPU SBexmr 26W-)| 1SY3rY P pue (S £5)
sau 9] sem Kpdopa 1edu yuednoco reuprarduo] o) eunEdwo wKinooo A oy vosngU
10 uonEnouad OU SEM 1 NG EAIE PIAYSPULM [ PANIEIV0D ‘358 TIPOOM I WY poreredos
qomm spoddns [eorioa onseid 34 "pooy puv odunq P 01 SHPIIRINE PIPRIOW IIYIA AP 0}
sfvure(] "8I N I SINEOM 01 JO SR 1UIoe(pe W ogyen Surwoouo o prezey renusiod asod 0
q3n0us aBre] jou Ao suowSey Sururewsas @ Jo sow pue vedut jo ymod Hp resu pouTEUII
a8q USPoOM Y, "IN I MM Buore Spos sowaq WIPoom pue spoddns reonaa anserd
a1 Buof (Y 152) W £L £q ptm (Y §S) W L[ eare ue SuO[e UMOND Sem JpEOLLRq ) WOY
sugeq “ruouniedwos 1uednsoo g1 R0 10U PIP Iq IIRA AP JO PAAYSPUIM PUR POOY N
M 1IEIU0O SPRUT PUY 358q UIPOOM S W0y poreredas SUSWID [rex pue spoddns [eonsoa onserd
3100 MO[[0Y 3L “¥9 amB1j W poruosasd 1 1531 ST JO SINS AP Jo Aremums Jouq Y

upper portion:
453790-4)

Type |li Barricade —— Recycled Plastic U
of

Welght

"IPIIA 3} JO JOLANXD
[ 0) YSTUD J[qRINSLIW OU S¥M U] PaLMdd0 jusunuedwos wedndoo p Jo uosnnul 10
somensusd ON PIYOTEIIS 32m IR A JO pooy pue sdung 1" 79 AMBL] UT WMOYS OSTE S1
oA o o) s8vwreq “Buoy (y 1527) W L £q Ipw (Y $S) W L] vIN UR UT JPOIGRA @ JO qred
2 Suofe umans 3xm pues pue suGy(  wedun uodn 2svq TIpoom A woy pareiedss STEIUBR
_Eﬁ-asgug%!m?_osessésé.sgamsaa3__82

]
60"

"£9 amB1J U1 umogs are poudd 159 o@
Jo sydeiBorond nuenbog edun jo yurod aq Jo Y[ I 01 (Y §) w ' pue umop (¥ 847) W
9L 1531 01 Sured Apuonbosqns oA AL “premIo)-Iq3rens Sunpen sem ORPEA p ‘vonedndde
ayeIq 0 Joud (YIW 1'§S) YUY §'€6 JO PIads ® 1@ BurjoaRn ‘s /g I8 IpeSLIreq I M
VRIUCD 150f SOMPA ||, "I [y ¥ WA PRAGSPUIM 3@ W sxdun I paromineo soddns reonoa
@ jo dot ] un 3urs v s¥ 96¥q AP WOy pITRIedIs STBIWSP [rel puv suoddns eOnISA
‘295w ¢ 18 puw ‘Aeme oyoaq spoddns [eonPA XP J0J s0RK) A ‘Wedun e sosw o] 1V

]
A
1/2" tall &
Recycled Plastic Material with Wooden Base (Test No.

4x4 wood
Vsl

Figure 61, Schematic of Type III Barricade Fabricated from Hollow Core
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Wood or Recycled
Plastic Lumber Skids
51x152x1524

S ] 1524

102x102 Wood or L]
Recycled Plastic Lumber \ N
140 Tall ! —]

TOP VIEW

102x102x1524 Hollow Core Plastic Post
25x203 Wood Rail

51x102x1168 Wood Broce

10 Diom, Boits
(2 per Support)

-

kAN

Lok

229 -.LJ

508
'::_’.1 ( 10 Diom. Boits
508 51x152x1524
Wood or Recycled
Plastic Lumber

L

[N 10 Diom. x 76 Long

Wood or Recycled Plostic
Lumber Skids
S1x152x1524

l 1219

BT

Log Screw

BARRICADE DETAILS

All lumber sizes are nominagl dimensions

102x102x1524
Hollow Core Plastic Post

(2) 10 Diom. x 76 tong
Laq Screws

51x102x914
Wood or Recycled
Plastic Lumber 635

FRONT VIEW

L— 762 \10 Diom. x 76 Long
1524 Log Screw
SIDE VIEW

Figure 1. Type III Hollow Core Plastic Barricade as Used in Test 439107-1.
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Figure 17. Summary of Resuits for Test 439107-1.

Mn.YmAnﬁol(bd---: N/A



e

44 SQUARE —
PERFORATED TUBING
-attached 1o upright

38 ! Squar
Tube Sleeve N\

Page A24
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000000
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Tube Slaeve
& 10 Dia. x 57 Long
A307 Boit or Pin \
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38.1 SQUARE TUBE OETAIL A

TO SUPPORTS USING

< WOOO PANELS ATTACHED

10 DW. X 76
LOMG BOLTS (2 PER SUPPORT)

SEE DETAL A

44 SQUARE .
PERFORATED TUBING
-attocned to upright
with spice piates

1524 = =
‘. l Weid
44 Square
1) DA HOLES
254 0.C. 4 SIDES
0P VIEW FULL LENGTH OF TUBE
512102x1219 Long Wood Broce
[T i i) T
38.1 SQUARE
PERFORATED TUBING 5o
25 x 203 x J658 l s
WOOD PANELS T : } : ] T
29 - T 1524
' T
B ]
508
: i | | L
1829 |
3658
SIDE VIEW
FRONT VIEW

TYPE It BARRICADE
PERFORATED STEEL TUBING WITH WOOD PANELS

Figure 2. Type III Steel Perforated Tubing Barricade (3.7 m) as Used in Test 439107-2.
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General Information impaect Conditions Debris Pattern Spread (m)
TestAgency ........... Texas Transportation instituts Speed (kv . .......... 98.04 Longitudinel . .......... 12.2
TestNo. .............. 439107-2 Angleideg) ............. ] Latered ...........0000 4.9
Dsts ...... Ceeriaeen . 04/09/97
Teet Articie Exit Conditions Vshicle Damage
TYP® . iviiiiiiaann Tratfic Comrol Device Speed kWM . .......... 94.82 Exterior
Neme ................ Type i Barricade Angle (deg) . ............ 0 VOS ...........000 12FDY
instaliation Length {m) .68 CDC.....evvevvinn 12FDEWY
Size and/or dimension . Occupent Risk Veluss Maximum Exterior
and material of key 44 mm square perforsted steel impact Velocity (m/s} Vehicle Crush (mm) ]
oloments ............ support wiwood slement x-direction , . ........... N/A Interior
Soll Type and Condition ..... Standard soll, wet ydisection . . ........... NA oco ... FS0000000
Test Vehicls Ridedown Accelerstions {g's) Max. Occ. Compart.
TYP® .. ciiiieiireeenn Production x-disoction . . ......... .. NIA Deformation (mm} . . ... [}
Designation . . .......... 820C ydirection . ............ N/A
Model ............... 1991 Ford Festiva Max. 0.080-s Average {g's) Post-impact Behavior
Mass (kg) Curb . ........ 838 X-rOCtOn . . . ... ....... A (dusing 1.0 3 after impact)
Test inertial . 820 y-direction . ............ NA Max. Rolt Angle (degl . ... N/A
Dummy ....... 76 2-disection . ............ N/A Max. Pitch Angle (deg) . . .. N/A

Figure 23. Summary of Results for Test 439107-2.

Max. Yaw Angle (deg) .... N/A
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PERFORATED TUBING
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TOP VIEW

44 SQUARE
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381 38.1 Squor
l Tube Sleeve
- -
—_‘ 44 Squore
Tube Slesve
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DETAIL A

PANELS ATTACHED

10 SUPPORTS USING
10 DA X 7

8
BOLIS (2 PER SUPPORT)

DETAIL A

44 SQUARE
PERFORATED TUBING
-ottoched 1o upright
with splice piotes

SIDE VIEW

Figure 3. Type IIl Steel Perforated Tubing Barricade (1.2 m) as Used in Test 439107-3,
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Genersl information Impact Conditions Dabris Pattern Spread (m)
TestAgency ........... Texas Transportation inetitute Speed (kN . .......... 98.08 Longitudinel . .......... 47.2
TestNo, .............. 439107-3 Angleideg) . ............ 0 Latersd . .............. 8.9
Dete ................ 04/09/97
Test Article Exit Conditions Vehicie Demage
TYP® . i Tratfic Control Device Speed (kmh) . .......... 89.99 Exterior
Name .........0000ue Type M Barricade Angle(deg) .. ........... [} VDS ... 12FD1
inatallation Length (m) . 1.22 CoC........ ... 12FDEW1
Size end/or dimension Occupant Risk Vakses Maximum Exterior
and materiel of key 44 mm square perforated steel Impact Velocity (m/s) Vehicle Crush (mm) ol
oloments . ........... support w/wood elemernt x-direction . ............ N/A Interior
Soll Type end Condition .. .., Standard soll, wet ydirection . ............ N/A oco .............. FS0000000
Test Vehicle Ridedown Accelerations {9's) Max. Occ. Compert.
TYP® . i Production x-direction . .. .......... N/A Deformation (mm} . .. .. 0
Designation . . . ......... 820C ydirection .. ........... N/A
Model ............... 1991 Ford Festiva Max. 0.060-s Average (g's) Post-impact Behavior
Mass (kg) Curd .. ....... 838 x-dicection . .. .......... N/A {during 1.0 s after impact)
Testinertisl . ... 820 y-direction . .. ... ... ... N/A Max. Roll Angle (deg) .... N/A
Dummy ....... 76 z-direction .. ........... N/A Max. Pitch Angle (deg} . ... N/A
Gross Static 89¢ Max. Yaw Angle (deg) . ... N/A
i 79 ¢ v of Reaults for Test 4191073
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General Information Impact Conditions Debris Pattern Spresd (m)
Test AQencY ........... Texas Transportation institute Speed (k¥ ........... 9763  Llongitudinel ........... 95.2
TestNo. ....... e 439107-8 Angle(deg) ............. 0 Laterdd ............... 1.0
Date .........co00000n 04/10/97
Test Articie Exit Conditions Vehicle Damage
TYD® .. Traific Control Devics Speed tkrN . .......... 84.65 Exterior
Neme ................ Type #i Basricade Angleideg) ............. [} VDS ..........0hnn 12FD1
Installation Length (m) . 1.23 COC...........0 vt 12FDEW1
Size end/or dimension Occupant Risk Values Maximum Exterior
and material of key Impact Velocity (m/s) Vehicie Crush imm) nil
slements . ........... with wood base xdirection . .. .......... N/A interior
Soll Typs snd Condition .. ... Concrete Pavement, dry ydirection . ............ N/A ocol .............. FS0000000
Test Vehicle Ridedown Accelerstions (Q's) Max. Occ. Compart.
Type .. ..ottt Production x-direction . .. .......... N/A Deformation {mm) .. ... ]
Designation . ... ........ 820C ydirection . . ........... N/A
Model ............00 1991 Ford Festive Max. 0.060-s Average (9's) Post-impect Behavior
Mass (kg Curd . ........ 838 xdirection . . ........... N/A {during 1.0 s sfter impact)
Toat Inertial . 820 ydirection . . ........... N/A Max. Roll Angle (deg) N/A
Dummy ....... 78 zdrection . ............ N/A Max. Pitch Angle (deg) . . . . N/A
Gross Static . 898 Max. Yaw Angle (deg) . ... N/A

Figure 35. Summary of Results for Test 439107-5.
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31.8 X 50.8 mm
Plastic C-channel

88.9 mm Ffiberglass
U-chonnel

10 mm Carriage

1549

m
" Boits (typ.)
1 al
'h 101.6 X 38.1 Plostic U-chonnel
| | nserted in two
mm 1 | 50.8 X 38.1 Plostic U-chaennels
1 I
I |
| 1
L4}
2032 X 6.4 mm
E‘: mm iberboard
5.3 mm
120.7 mm
— ?
2.5 mm
501.7 mm |-—108.0 mﬂ
e s - 2 T s o filed
‘ ] []
m [} 1 E%;m':nm 2858 mm 254 X 6.4 mm Support
501.7 mm 1 i 120.7 mm Two on each side.
:::: ::::: 2349 mm
63.5 mm—_}
3429 mm 2154 mm 2983 mm
- 5.7 mm le—622.3 m 69.9 mm
152.4
52.4 m 828.8 mm 361 9 mm

1219.2 mm-

Figure 5. Price Fiberglass Type IH Barricade (Test 439107-12).

109.73m

[f—22.25m

Point of Impact

N/A

Max. Yaw Angle (deg) . . . .

Figure 41. Summary of Resulits for Test 439107-12.
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Light Attachmaent
Without Light

1219x1219 Fabric Panel

6x32 Hord Nylon Strop

AN

25 Square Tube into
32 Square Tube ~ 178 Long

4

;ﬁ‘ Coils ~ 174 Tall

BACK VIEW

Page A28

/—25=25 Square Tube

1073

TOP VIEW

Figure 7. Spring-loaded Portable Sign Support (Test 439107-6).

B

— TestAgenoy ........... Texss Transportation nstitute Speed (k) . .......... 99.09 9 Llongitudinal ........... 93.9
TestNoO. .......... ... 4391078 Angle(deg) ............. o Lotersd ............... 10.6
Date ...........c00000 041097

Test Article Exit Conditions Vehicie Damage
TYP® ... i Tratfic Controi Devics Speed (k) . .......... 92.36 Exterior
Neme ................ Spring-loaded Portable Sign Angle (degl . ............ VDS ........... ... 12FD1
Instaliation Length (m) . 203 COC......oivnnnnnn 12FDEW1
Size and/or dimension Occupant Risk Values Maximum Exterior
and materisl of key 25x28 mm square tube support impact Velocity (m/s) Vehicle Crush {(mm) ol
olements ............ with fabric sign panel x-disection . ............ N/A interior
Soll Type and Condition . . ... Conorete Pevement, by = ydirection . ............ NA ocol .............. FS0000000
Test Vehicle Ridedown Accelerations (9's) Max. Occ. Compart.
TYP® . oot Production x-direction ... .......... NA Deformation (mm) ..... [}
Designation . . . ......... 820C ydirection . ........... . NIA
Model ............... 1991 Ford Festiva Max. 0.060-s Average (g's) Post-impact Behavior
Mess (kg) Curd .. ....... 838 X-BOCHON . . .. ... during 1.0 s after i 2]
Test inertial . 820 ydirection .. ........... NA Max. Roll Angle (deg} .... N/A
....... 76 2-direction e NIA Max. Pitch Angle (deg) . . .. N/A
Gross Static 8968 Max. Yaw Angle (deg) .. .. N/A

Figure 582. Summarv of Results for Test 439107-6.
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TOP VIEW

2438 i

16 x 203 PLYWOOD RAIL:
ATTACHED USING 10 O

51x102x1219 Long Wood Broce .
BOLTS {2 PER SUPPORT)

60 0.0 x 2.5 WALL s08
STEEL POST ~ I
16 x 203
PLYWOOOD RAIL ! e l
— 508 1524
w 229+ n

L

216 LONG X 3 THICK
GALVANIZED STEEL weoc—z\,

/

ST
73 0.0. x 2.7 WALL ——h
CALVANIZED STEEL SOCKET |

(R
SEE DETAIL A——/\

FRONT VIEW
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{S-qn Past

[~ wedge

Bose
/— Sockel

\S\X\

3\

y

SIDE VIEW

OETAIL A

TYPE Il GROUND MOUNT BARRICADE WITH POS-LOC SUPPORT

Figure 8. Ground-mounted Type II1 Barricade (Test 439107-7).

AL =~ -
LT T

" -

zIm -

-

-
-
impact Conditions Debrie Pattern Spread (m)
Texas Transportation inetitute Speed (k) ......... . 98.98 Longitudined ........... 421
439107-7 Angleideg) ............. ] Latersd . .............. 8.5
o4/17/197
Exit Conditions Vehicle Damage
Teatfic Control Device Speed (kv ... ........ 86.60 Exterior
Ground-mounted Type M Barricade Angle (deg) . ........ wien O Vo8 ..., 12FD1
. 244 COC............... 12FOEWT
Occupam Risk Values Maximum Exterior
81x102 mm wooden support impact Velocity (m/s) Vehicle Crush (mm) nil
with 16x102 mm elements . xdirection ... .......... N/A Interior
Standerd soll, dry ydirection . .. .......... N/A ocol .............. FS0000000
R Ridedown Accelerations (g'e) Max. Occ. Compart.
Production x-direction . . .. .. e N/A Deformation (mm} .. ... 0
820¢c = ydwection............, N/A
. 1991 Ford Festiva Max. 0.060-s Average (g's) Post-impact Behevior
838 xdiroction . ... ... o0l N/A (during 1.0 s after impact)
. 820 yditection . ............ N/A Max. Roll Angle (deg) . ... N/A
76 rdection ... ... ... .. N/A Max. Pitch Angle (deg) . . .. N/A
Gross Static . 898 Max. Yaw Angle (deg) . ... N/A

Figure 58. Summary of Results for Test 439107-7.
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2463.8 mm—
50.8 x 101 6 mm

/ Wood Post

2387 6 mr —

127 x 12.7 x 6.35 mm
Angle

ﬁ>|0 mm Carriage )
Bolta (typ) 9144 mm 373 mm Platic. C - ehonnet
3048 mm M\lmm
R A T A AN AN AN
NS \/;\X\\\Z\\\X\X\\z\
VAR AT NS
Side View

3048 x 203.2 x 127 mm
Plywood Sign Panel {lyp.)

= El 609.§ mm

Front View

Figure 11. Vertical Panel Assembly (Test 439107-11).
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0.000 s

0.147

................

............

Standard soll, dry ydirection . .. ... ... ... N/A
Ridedown Accelerations (g’s)
Production x-direotion . . ........... N/A
820C ydivection . ............ N/A
1990 Ford Festiva Max. 0.060-s Average {g's)
828 x-direction . . ........... N/A
. 820 ydection . ............ N/A
76 zdirection . . ........... N/A
. 8968

Figure 81. Summary of Resuits for Test 439107-11.

Post-impact Sehavior
{during 1.0 s after impact)
Max. Rolt Angle (deg) . ...
Max. Pitch Angle (deg) . . . .
Max. Yaw Angle (deg) . . . .

N/A
N/A
N/A

LIvViI(
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Figure 10. Skid-mounted Sign Support (Test 439107-10)
16

Name . ........c.c0unne Skid-mounted barricade Angle (deg) . .. ..........
Instatation Length (m} 1.02
Size snd/or dimension Occupent Risk Values
and materisl of key 102x102x3363 m tall wooden Impact Velocity (m/s)
oomems ............ support w/1219x1219x13 sign x-direction .. ........... N/A
Sok Type snd Condition . . ... Standard soll, dry y-direction . .. .......... N/A
Test Vehicle Ridedown Accelerations {g's)
TYP® . ... Production x-direction . ... ... ... NIA
Designation . .. .... e, 820C ydirection .. ........... N/A
Model ............... 1992 Ford Festiva Max. 0.080-s Average (9's)
Mass (kg) Curd . ........ 808 x-direction . ............ NIA
Test inertial 820 ydivection .. ........... N/A
76 2direction . . ........... N/A

Dummy
Gross Static . . .. 898 .
Figure 76. Summary of Results for Test 439107-10.

VDS .............. 12FD2
COC......ovvvenen 12FDEW2
Maximum Exterior
Vehicle Crush (mm) . 8B
Interior
ocor ..., LRO100000
Max. Oce. Compert.
Deformation (mm) ..... 36
Post-impect Behavior
9 1.0 s after k
Max. Roll Angle (deg) . N/A
Max. Pitch Angle (deg) . . .. N/A
Max. Yaw Angle (deg) . ... N/A
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MODEL #:

Description

Base.

Panel:

Post:
Weight

Options:

Specifications
“AIR SPILL” BARRICADE

DSTA MRQB DSTA MRB
Flexible reflective panel, post, rubber Flexible reflective panel, post, rubber
base with quick release bracket base with clamping bracket
and ballast plate and ballast plate
Width 12" (30.48 cm) X Length 18" (45.72 cm)

Width 8" (20.32 cm) thru 12" {30.48 cm)
Height 24" (60.96 cm) thru 36" (91.44 cm)

1.3/4" (4.45 cm) X 46" {116.84 cm)

23 Ibs (10.45 kg) 23 Ibs (10.45 kg)

Additionat steel ballast plate -
6" (15.24 cm) X 15-1/2" (39.37 cm) X 3/8" (.95 cm) Weight: 12 Ibs. (5.45 kg)

Barricade can be ordered with a metal base
that increases the weight of the unit to 32 Ibs. (14.55 kg)

Atype "A" - "B," - or "C" flashing light can be mounted
on both rubber base models.

WHAT THEY'RE SAYING ABOUT THE “AIR SPILL’ BARRICADE

“On our recently completed confract, we subsuluted
vertical panels for plasic drums and gveryone was
very pleased wilh their performance. Some of the
advantages are..enhancing conslruction schedule
due (o ease of placing. If hit by a vehicie, they do not
go careening into tralfic or the work area...they can be
reparred...they occupy smailer footprint of space thus
allowing larger work area and patron driving area.”
General Contractor

“This device performed very satistactonly  prowded a
clear message 10 the motonng public. f struck, pan-
els cause iittle damage o the vehicle . they are flat-
tened, not launched into the work zone like a barrel
oftenis.. ”

State DOT

"We would not have been able 10 complete the job as
quickly without the “Air Spilt” barricades
Road Builaer

“Arr Spilis were used exclusively for tratfic conirol with
phenomenal success cansidering the conditions
encountered. Traftic control al ramps with nter-
changes so close lo each other presented special
problems.. Air Spiils showea an added advantage
over barrels in that ther diagonal stripes give the
added advantage of removing the doubt as lo which
direction they shouid drive on”

Consuling Engineers

“Field research reveals thal 12" x 24" vertical panels
are more vissble - day or night - than plastic druims.”
Program Report 236 (NCHRP)

National Cooperauve Highway Research Program

Flasher Handling’s

AR SPILL"
BARRICAD
Work Faster and Smarter!

“Air Spill” barrnicades gel more prolection and salety on the job faster
because they're so easy to handle. "Air Spill” units can be toaded utf
on 1o trucks by one man. Most important. they are so stable no sand-
bagging 1s necessary when the units are ordered with ballast plates

The reflective panel and post are held irmly in place by a unique.
patented quick release brackel that is operated by a fool pedal The
bracket locks or releases the
verlical panet instantly

The "ar spiling” action of the
flexible panel and the rubber
pase wilh its bolted ballast
plates keep the "Ax Spil”
parricade upnght in winds

up tc 55 mph. If struck by a
vehicle, Ihe panel releases from
the tracket and flutters to the
ground harmlessly. it does not
become a road hazard as
ohtien is the case with a

barrel or drum

*Air Spill" barricades direct traffic
pasitively day and night. They
lake up much less roadway than
barrels and drums and they
dan't require sandbagging

U.S. Patent No. 4,798.017 - Foresign Patent 1303433
U S. Patent D-331605

TO ORDER...FOR PRICING...FOR MORE INFORMATION
CALL TOLL FREE

R

TO ORDER...FOR PRICING.. FOR MORE INFORMATION

1-800-451-9636 Distributed by:
or (716) 631-3000 , 1-600.451-9636

FAX 716-681-1188

J
ORP
FLASHER HANDLING CORP.
25 Taylor Drive + Depew, NY 14043-2014 oan
125 Taylor Brive - Bepew FLASHER HANDLING CORP. -
U.S. Patent No. 4,798,017 - Foreign Pajent 1303433 U S. Patenl D-331605 125 Taglor Drive + Depew. NY 14043-2014 a

e

A

[P

S e R AR




e

b— 31 5/8" ~—~]

178" 3r 376 Stron - |

. /4
Typical All Ponel/s‘/ - /
f /
: /.

Note: Dimensions Are Approximate,

Design =4

25

[

o

12
4

4

Page A33 vﬁi

Ry
SR

MATERIALS
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Attachment A, TABLE III.1.A

ACCEPTABRLE CRASHWORTHY CATEGORY 3 HARDWARE

Page A35

(Truck-mounted Attenuators and Traffic Barriers)

Acceptance
Letter #
And Date

Manufacturer,
Developer,
Agency, etc.

Device(s)

Truck |

Attenu r

FHWA CC-30
7/13/95

Connecticut DoT

Connecticut TMA

FHWA CC-32
3/19/96
FHWA CC-39
4/24/97

Systems, Inc.

Energy Absorption

ALPHA 70 TMA

ALPHA 100K TMA

CE Rul- ¢

(modified)

FHWA CC-34
6/12/96
FHWA CC-34A
10/30/96

Trinity

Steel

Industries / Syro

TL-2, MPS 350 TMA

MPS 350 TMA

FHWA CC-36
8/27/96
FHWA CC-36A
€/17/97

Vanderbilt
University

TL-2, Vanderbilt TMA

TL-3, Vanderbilt TMA

c c i

ns

FHWA CC-25
2/10/95

Systems, Inc

FHWA CC-29
6/28/95

FHWA CC-35
6/21/96,
FHWA CC-35A
10/30/96,
FHWA CC-35B
10/17/96
FHWA CC-42
7/16/97
FHWA CC-43
12/01/97
FHWA CC-45
3/19/98
FHWA CC-49
6/17/98

FHWA CC-41
6/19/97

FHWA CC-27
5/1/95

Energy Absorption

TL-2, NEAT Non-redirecting crash cushion

TL-3, ENERGITE III mocdule

TL-3, QUADGUARD crash cushion

+

TL-3 QUADGUARD-WIDE system

TL-3, QUADGUARD-LOW MAINTENANCE Cartridge {(LMC)

TL-3, QUADGUARD-WIDE / LOW MAINTENANCE CARTRIDGE

TL-3, QUAD-TREND transition end treatment.

BRAKEMASTER terminal/crash cushion

TL-3, WATER TWISTER vehicle arresting system

FHWA CC-26
3/3/95,
FHWA CC-26A
4/12/95,
FHWA CC-26B
8/14/95,
FHWA CC-50
06/16/98

Roadway Safety
Service

FHWA CC-26D
12/19/96,
FHWA CC-26E
6/25/97

FHWA CC-28
6/28/95

TL-3 REACT 350 crash cushion,

( additional letter FHWA CC-26C 9/25/95 )

TL-3 Wide REACT

TL-3 REACT 250 C2Z crash cushicn

TL-3, FITCH UNIVERSAL MODULE crash cushion




Attachment A, TABLE III.1l.A

ACCEPTABLE CRASHWORTHY CATEGORY 3 HARDWARE

Page A36

(Truck-mounted Attenuators and Traffic Barriers) (Continued)

Acceptance Manufacturer, Device (s)

Letter # Developer,

And Date Agency, etc.

Crash Cushions (Continued)

FHWA CC-33 Trinity TL-3, CAT Terminal/Crash Cushion,

5/01/96 Industries / Syro
Steel

FHWA CC-38 TL-3, ADIEM lightweight concrete crash cushion

3/03/97

FHWA CC-44 TL-2, LOW PROFILE BARRIER Sloped End Terminal

03/06/98

FHWA CC-52 TrafFix Devices TL-3 Sand Barrel System

c7/10/98

Terminals (To NCHRP Report 250)

FHWA CC-37 Interstate Steel ITL-3, BEST 350

11/20/96, / Road Systems

FHWA CC-37A Inc.

2/19/97,

FHWA CC-37B

2/19/97,

FHWA CC-37C

4/01/97

FHWA CC-40 TL-3, SEQUENTIAL KINKING TERMINAL (SKT-350)

4/02/97

FHWA CC-31 Trinity TL-3, SLOTTED RAIL TERMINALS (SRT) for W-beam Guardrail

12/4/95 Industries / Syro

FHWA CC-51 Steel TL-3, ISRT-3

06/18/98

FHWA CC-46 Road Systems, TL-3, Flared Energy Absorbing Terminal (FLEAT-350)

4/02/98 Inc.

FHWA CC-48 Energy Absorption TL-3, Redirecting Gating End Terminal (REGENT)

Cragshworthy Longitudinal Barriers (To NCHRPE Report 230 OR 350 AS NOQTED)

(NCHRP 230 WORK ZONE BARRIERS MAY REMAIN IN USE UNTIL OCTOBER 1, 2002.)

(Generic) AASHTO Roadside 1. Pin and Loop (NCHRP 230)
Design Guide 2. Channel Splice (NCHRP 230)
Chapter 9 3. Vertical I-Beam (NCHRP 230)

4. Lapped Joint (NCHRP 230)
5. J-Hook Joint (see B-14 below) (NCHRP 230)

FHWA B-3, Barrier Systems, (NCHRP 230), SERIES 200 Construction Zone Barrier (Moveable Concrete

7/15/86 Inc. Safety Shape)

FHWA B-16, (NCHRP 230), QUICKCHANGE Moveable Median Barrier for use in permanent

10/24/91, installaticns

FHWA B-40 TL-3 NARROW QUICKCHANGE Moveable Barrier

8/27/97

FHWA B-14 Smith-Midland {NCHRP 230), J-HOOK connection for precast concrete median barriers.

11/8/9%¢ Corp.




Attachment A, TABLE III.1.A

ACCEPTABLE CRASHWORTEY CATEGORY 3 HARDWARE

Page A37

{Truck-mounted Attenuators and

Acceptance Manufacturer, Device{s)

Lettexr # Developer,

And Date Agency, etc.

Cragshworthy Longitudinal Barrierg (To NCHRP Report 230 OR 350 AS NOTED)

(NCHRP 230 WORK ZONE BARRIERS MAY REMAIN IN USE UNTIL CCTOBER 1, 2002.} (Continued)
FHWA B-21 Energy Absorption TL-2, TRITON Water Filled Barrier

11/27/92, Systems

FHWA B-21A TL-2, TRITON end treatments

09/27/94,

FHWA B-26

1/7/94,

FHWA CC-47 TL-3 Acceptance

65/08/98

FHWA B-41 Iowa DoT TL-3, Iowa PCB Temporary CMB - F shape w/ pin & loo§ connection
10/10/97

FHWA B-15 Rocadway Safety (NCHRP 230), DRAGNET Vehicle Arresting System
12/6/90 Service

FHWA B-41 Rockingham TL-3, Temporary CMB - F shape w/ slotted tube/T-bar Connecticn
10/20/97 Precast.

FHWA B-30 Safety Barrier (NCHRP 230)

1/17/95 Systems

FHWA B-34 TL-3, GUARDIAN Water Filled Plasti¢ Barrier
1/29/96,

FHWA B-36 Trinity TL-2, LOW-PROFILE Ccncreta RBarrier for Work Zones
5/31/96 Industries / Syro

FHWA CC-44 Steel - Texas TL-2, LOW-PROFILE Cancrete Barrier END TREATMENT
1/06/98 A&M

Traffic Rarriers) (Continued)




ATTACHMENT A, TABLE III.1.B
ACCEPTABLE CRASHWORTHY CATEGORY 3 HARDWARE (Breakaway Sign Supports) (Continued)

Page A38

Accept. Manufacturer / Supplier Brief description of device(s)
Letter
S5-1 Southwestern Pipe, Inc. POZ-LOC anchor system - 2 3/8 in. 0.D. posts, max .095 in. wall
7/14/86 thickness. **
s$S-2 Trus Joist Corp. MICRO=LAM - 14 7/8 X 7 7/8 in. box section plywood post. Tested in
8/19/86 5-2 soil.
§5-3 Allied Tube & Conduit QWIK-PUNCH tube system - max size 2 1/4 x 2 1/4 in. x 12 ga. post
10/3/86 Corp. set in reinforced sleeve base.
S5-4 Minute Man Anchors, Breakaway coupling for use with 3 lb/ft steel flanged channel post
1/29/87 Inc. (superseded by new hardware on 3/10/88. See $S5-§) **
SS-5 (Memo to Regions) a. Perforated square steel tube - 2 x 2 in. x 0.105 wall thick. max
6/15/87 size.**

b. Single 3 lb/ft steel U-post. **

c. Dual 3 lb/ft steel U-post. **

d. Ariz. dual legged slip base 84x7.7 post

e. Texas dual leg slip base, W1l2x45 post

f. to g. repeated 8S-1 to SS-4 above
S8-6 Minute Man Anchors, Breakaway coupling for use with steel flanged channel supports. *»*
3/10/88 nec.
$8-7 (Region 5 Memo) Wisconsin Large Sign Support System - slip base w/nc upper hinge,
9/1/88 sign attachment clips provide for release, W12x22 posts tested
55-8 Unistrut Corp. TELESPAR small sign supports max size 2 % x 2 % in. x 12 ga.
3/31/89
ss-9 Franklin Steel EZE-Erect Sign Posts - max 4.0 lb/ft flanged posts.
3/16/89,
4/7/89
$S8-9A Franklin Steel Dual EZE-Erect in strong soil.
10/17/96
Ss-10 HwyCom Corp. 3-Inch Diameter, 1/8 in. wall, fiber-reinforced plastic post. (see
5/11/89 Ss8-12)
$S-11 Allied Tube & Conduit Quick-Punch post - Max size 2.25 x 2.25" x 14 ga. in unreinforced
5/18/89 12 ga. sleeve base.
58-12 HwyCom Corp. Dual post installations of 3-inch FRP.
8/3/89
58-13 Marion Steel Single to triple 3 ppf and single or dual 4 ppf Rib-Bak post
8/31/89 installations with ground splice. *=*
10/2/89 Project by preject acceptance of Florida's splice in both soil types
12/12/91
12/27/91
85-14 Marion Steel Rib-Bak Post with Minuteman Coupling **
10/27/89
S$8-15 (Memc to Region 1) Single 3" and 4" diameter Aluminum, 3/16" wall, direct burial
12/12/8% tube. **
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ATTACHMENT A, TABLE III.1.B
ACCEPTABLE CRASHWORTHY CATEGORY 3 HARDWARE (Breakaway Sign Supports) {(Continued)
Accept. Manufacturer / Supplier Brief description of device(s)
Letter
58-16 Minute Man Breakaway MMB-1HD breakaway device for use with 3 #/ft. steel flanged channel
12/25/89 "g'-posts.
58-17 Transpo Industries Type A and Type B breakaway couplings.(If installed by direct
1/8/90 burial, then Type AUX for S-1 soil only.)
55-17A (Posts limited to 45 #/ft below the hinge.)
3/7/95
$8-17B
4/25/95
55-18 Minute Man Breakaway MMB-1HD breakaway device for use with gwo 3 #/ft flanged channel "U"
6/19/90 posts in strong soil. (see $5-21 for weak spil acceptance
letter)
$5-19 Allied Tube and Conduit Square-Fit signpost systems.
7/31/90
58-20 Franklin Steel 2 to 3 pound-per-foot flanged channel "U" posts.
9/20/%0
$8-21 Minute Man Breakaway MMB-1HD breakaway device with two 3 #/ft flanged channel "U" posts
12/26/90 in both strong and weak soil.
58-22 Trus Joist Corporation Type "L" MICRO=LAM with revigsed saw cut
1/4/91
55-23 (memo to Reg.l) New Jersey Breakaway Couplings
3/14/91
55-24 Unistrut Corp. Triangular Slip Bases for Square Tube Sign Supperts.
5/1/91
S5-24A Xcegsories Squared Reference Xcessories Squared as the manufacturer.
10/22/97 .
55-25 (memo to Regions) a. Single or dual 4"x4" wood, undrilled
6-4-91 b. Single 6"x8" wood with 3.0" holes
c. Single 6"xé" wood with 2.0" holes
d. Single 4"x6" wood with 1.5" holes
e. Dual W6x12 steel post on slip base
(up to 18 ppf for dual supports OK)
S8-26 Unistrut Corp. Telespar square perf. tube small sign supports without
2/11/92 sleeve around base post.
5$8-27 Montana D.QO.T. Round wood post supports
5/15/92
S5S-28 (memo to Region 4) 3 %" Diam. Thin Walled Aluminum Tube
5/26/92 Single Spliced (6" c¢-c) Marion Steel or Franklin Steel 4 ppf U-
channel post
§8-2¢9 A.B. Chance Helical Screw Foundations for Motorist Aid Call boxes
7/15/92
$S-30 Hapco Division Cast Aluminum Shoe Base for Motorist Aid Call box Suppcrts
$/17/92
10/5/92
$5-31 Allied Tube and Conduit Single Perforated Square Steel Tube 2 %" 12 ga in 7 ga anchor
10/22/92
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Accept. Manufacturer / Supplier Brief description of device({s}

Letter

§5-32 (memo to Region 7) Westexrn Red Cedar for Breakaway Wood Supports

10/28/92

§5-33 Transpe Industries, 201C and 301C Pole-Safe couplings for Motorist Aid Call Box Supports
10/29/92 Inc.

§S-34 Louisiana DOTD Omni Directional Slip Base, 3.5" diameter post

3/20/93

55-35 Imperial, Inc Aluminum tube 2.375" diameter

5/28/93 -

$5-36 (Memo to Regions) Larce and Small Sign Supports (See memo for details on various Wood,
5/3/93 U-Channel, Perf.Sg.Steel Tube, Slip Rase, FRP posts.)

$8-37 Greenline Recycled Thermoplastic Delineator Posts

8/13/93

§5-38 Unistrut Corp. Telespar Cast Iron Three-Bolt Slip Base

10/27/93

SS-38A Xcessories Squared Reference Xcessories Squared as the Manufacturer

10/22/97

§58-39 Recycled Plastic 3.5" x 3.5" Recycled Plastic Small Sign Support

10/25/93 Prod., Inc

55-40 Unistrut Corp. 2" Square Perforated Steel Tube, One Post, Direct Bury
10/27/93

S5-41 Richard Strizki Load Concentrating Coupling and Adjustable Anchor and Bracket
11/8/93 Assembly

§5-42 Marion Steel Co. 1,12 PPF and 1.33 PPF A-36 Delineator Posts

11/10/93

$5-43 VSAR Systems Speed-E-Rect breakaway device for U-channels

1/18/94

SS-44 Unistrut Corp. l4-gage A715 Gr 60 Perf. Square Steel posts *

3/30/%4

§5-45 (Memo to Region 3) Drilled Wood posts in concrete foundations, Pennsylvania designs **
5/11/94

558-46 {Memoc to Region 8) Unmocdified Cedar Posts full dimension 4"x6"

6/17/94

SS-46A

9/21/95

85-47 South Dakota DOT Splicing 3PPF Marion post to 4PPF Franklin Stub

9/14/94

85-48 SAFE, Inc Safe Foundation and Anchors base for breakaway couplings
9/23/94

S5-49 Galvacor 2 PPF U-channel A-36 steel delineator posts

10/26/94

85-50 (memo to Region 3) Virginia's 5x5 unmodified single wood post in soil-cement foundaticn
11/8/3%4 **

L
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Accept. Manufacturer / Supplier Brief description of device(s)

Letter

§5-51 Unistrut Corp. \A570 Perforated Square Steel Posts W/60 ksi yield

1/23/95%

$§-52 Xcegsories Squared Three-Bolt Slip Base (same as $5-24) (Letter was originally written

2/8/95 to Allied Highway Sales, but nardware is manufactured by Xcessories
Squared. )

85-52A Xcegsories Squared Reference letters to Unistrut and Allied Highway Sales

10/22/97

§5-53 Lancaster Composite Concrete-filled fiberglass posts

3/9/95

58-53A Lancaster Composite Direct Bury acceptance of some $5-53 posts in std soil#+

3-19-9¢6

55-54 Chicagoc Heights Steel U-channel posts to 4 PPF in "EZE-Erect” configurations

31/28/95

8§8-55 Colorado Dept. of 4 x & Wood posts installed sideways

4/24/98 Transgportation

58-56 Marion Steel Ccmpany "Lap Splice” for triple 3ppf and 4ppf in both soils

7/13/95

38-56A Marion Steel Company Modify design to use "bar spacer"

3-14-96

85-57 $5-57 9/26/95 Minuteman coupler on Triple 3ppf and 4ppf (w/scil plate on dppf),in

9/26/95 all soils.

55-58 Flexstake Flexible delineator posts

9/27/95%

88-59 Chicago Heights Steel Duyal 3 ppf u-channel in strong soil

3-7-96

$5-59A Chicago Heights Steel Modify design to use "bar spacer"

4-19-96

558-60 Clifteord Dent Couplings for sign supports

10/27/95

8S-€60A Clifford Dent Larger bolts with same necked-dcown diameter

10/21/96

55-60B Clifford Dent Additional bolt designs

6-/20/97

§S5-61 (memo to Region 10} Revised Oregon multi-directional slip base

2-27-96

(LS-45 Transpo Industries Prototype Double Neck Coupling for signs and luminaires]

4/5/96

[LS-45A Transpo Industries Dcuble-Neck Pole-Safe coupling for signs and luminaires]

4/29/96

58-62 Western Highway ULTI-MATE perforated square steel tube sign supports

6-3-96 Products
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(Breakaway Sign Supports) (Continued))

Accept. Manufacturer / Supplier Brief description of device(s)

Letter :

S5-63 S Square Tube Products .Perfcrated square steel tube sign supports

7/2/96

SS-63A S Square Tube Products Consolidated acceptance letter

6/20/97

Ss-64 Marion Steel Metric "Rib-Bak 2" Posts

7/18/96

85-65 Poz-Loc Slip Base**

9/5/96

55-66 HwyCom Universal Anchor System for FRP & Poz Loc Posts
8/8/96

$5-67 Franklin Industries 60 KSI U-Channel Posta recertification

9/9/96

55-68 X-Cessories Squared Slip Base for Square Steel Tube posts **

9/18/96

55-68A X-Cessories Squared Slip Base, Triple Square supports in Standard soil
12/20/96

55-68B X-Cessories Squared Slip Base for Retrofit Square Steel Tube Posts
10/7/97

§8-68C X-Cessories Squared 3-bolt slip base for perf. square steel posts. Accepted previously
10/22/97 via §8-52 on 2/8/65 under different name

55-69 Safety Quest, Inc U-Channel Slip Splice

9/18/96

58-70 Richard Buhler Sleeve it N Go for 4x4 wood posts

§/25/96

55-71 Davidson Plastics Flexi - Guide Delineator Posts

12/23/96

$8-72 Foresight Products V-Loc Sign Support System

1/13/97

88-73 PennDot “Universal” Spacer Bar for splicing u-channels
2/24/97

535-74 Granger and Assoc “ANYTWO” bracer bar for splicing u-channels
3/14/97

$5-75 Universal Anchor Universal Anchor System with HWYCOM and POZLOC posts
4/9/97 Systems, Inc

SS-76 New Hampshire DoT Certain thin walled Aluminum pipe and steel u-channels
1/9/98

§5-77 Chicago Heights Steel “Eze-erect” type breakaway system using Gr 9 bolts.
6/28/97

Ss-78 SMI Steel - Scouthern Steel Flanged Channel Sign Posts up to 3.7 kg/m
2/3/98 Post

*

Structural Supports for Highway Signs, Luminaires
permitted is 5.0 m/s

Supports conform to FHWA breakaway requirements based on the 1985 AASHTO Standard Specifications for

(16.4 ft/s)

and Traffic Signals. After May 1993, velocity change

per NCHRP Report 350.

*+ These small sign supports were only tested and/or found acceptable in NCHRP Report 350 “Standard" soil

{Report 230 S-1

“Strong" soil.)

testing is recommended.

Should a state wish to install this hardware in "weak"

soil, further crash




B-1

Questions and Answers
. About
Crash Testing of Work Zone Safety Appurtenances

(These questions and comments are from State transportation agencies, industry, and the Federal Highway
Administration.)

1. General

1.0 QUESTION - Was public input involved in adopting the provisions of National Cooperative Highway
Research Program ( NCHRP) Report 350 for the NHS?

ANSWER - The public was involved through a formal rulemaking process that culminated in a final
rule in the July 16, 1993, Federal Register. In that notice, the FHWA added NCHRP Report 350 at
paragraph 625.5(a)(13) of Title 23, Code of Federal Regulations (23 CFR). Since then, the “Guides
and References” section of 23 CFR, Part 625, under which the NCHRP Report 350 was cited, has
been removed. The NCHRP Report 350 is now cited in Section 16, Paragraph (a)(12) of the Non-
Regulatory Supplement to the Federal-aid Policy Guide, Subchapter (5, Part 625 (NS 23CFR 625).
The rulemaking process involved publishing the proposed rule and recciving public comments on
the proposed rule.

The July 16, 1993, Federal Register stated that contingent upon the resulls of ongoing research and
service performance evaluation, the FHWA anticipated that approximately five years after the
adoption of NCHRP Report 350 all new installations of traffic barriers and other roadside safety
features on NHS projects would be only those that have heen judged to meet the testing and
evaluation criteria in Report 350.

Using the effective date of the adoption of that rule would imply an implementation date of August
16, 1998. By our July 25, 1997, memorandum, “Information: Identifying Acceptable Highway
Safety Features,” the FHWA interpreted this milestone to be the “advertising date” and changed
the effective date to October 1, 1998, to conform to the beginning of the Federal fiscal year.

On July 1, 1998, AASHTO proposed an agreement on revised implementation dates for Report 350
hardware including work zone devices. FHWA concurred with this agreement and has changed the
deadline dates for Category 2 and Category 3 devices. All deadlines regarding work zone traffic
control devices refer to the date by which all newly purchased devices must meet Report 350
criteria. Existing hardware may be used until they meet the end of their normal service life.
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The agreed dates are as follow:
Category 1 devices: October 1, [998
Category 2 devices: October 1, 2000
Category 3 devices, Attenuators: October 1, 1998

Category 3 devices, temporary barriers: New units must have tensile and moment resistance afier
October 1, 2000. New units must meet Report 350 criteria by October 1, 2002.

Category 4 devices. The deadline date has been deferred. An announcement of the
implementation schedule for these devices is expected by October [, 2000.

All new safety features on the NHS covered by the guidelines in the NCHRP Report 350 included in
projects advertised for bids or included in work done by force-account or by State forces on or after
the dates listed above are to have been tested and evaluated and found acceptable in accordance
with the guidelines in the NCHRP Report 350.

1.2 QUESTION - Why is it necessary to establish the crashworthiness of work zone appurtenances, since
performance of existing devices does not appear to be a problem? Devices are hit resulting in only
minor damage.

QUESTION - The need for the criteria is unclear. Thousands of devices have been hit and the vehicles
have left the scene, so is there really a problem? There have been no known incidences of a light
coming off a sign and coming through a windshield.

ANSWER - From the results in two States that recently conducted work zone (WZ) accident studies,
we know that the severity of the impacts with WZ appurtenances is generally what would be
expected. That is, the severity of the crash increases with the mass of the devices impacted. Impacts
with channelizing devices are less severe, those with sign supports more so and barriers the most.
In a soon to be published study of WZ crashes, it was reported 22 of 495 crashes involved signs and
similar devices. Two crashes resulted in injuries requiring hospital treatment. In one, a vehicle
struck a portable sign on the shoulder. The sign broke the windshield , and the driver suffered
internal injuries. In the other, a portable sign blew down, leaning across a concrete barrier in the
travel lane. A vehicle struck the sign, breaking the windshield, with the driver receiving facial
lacerations. In another WZ crash study, 12 of 589 crashes studied involved Channeling Devices
(Barrel), three of which resulted in injuries.

In summary, there is evidence of a problem. This problem is with devices that are often placed in
the travel way or on shoulders where they can be easily impacted by errant drivers. There is also
technology that can address the problem at a minimal cost per device. Since we have a cost
effective solution to the problem, we believe we should implement i.



1.3 QUESTION - The supply of crashworthy WZ devices is a concern. Will the manufacturers of
approved products be able to mect the demands throughout the country?

ANSWER - We cannot speak for the manufacturers, but we do not expect wholesale shortages. If
there are spot shortages we will adjust to them. Most of the WZ devices are generic so we would
expect that anyone who is willing to enter the market could easily manufacture them.

1.4 QUESTION - Will the FHWA use the resuits of tests conducted by one company to accept similar
hardware offered by another, and what makes one product “similar” to another?

ANSWER - We believe we should not require testing when we have the information in hand.
Therefore, if a product has been shown to be crashworthy via full scale or bogie testing, other
products that are identical or nearly identical can be assumed to perform in an acceptable manner
under impact. We have accepted certain small sign supports and some recycled plastic guardrail
offset blocks on this basis.

When public agencies sponsor testing, such as Federal Highway Administration (FHWA) managed
research studies or "pooled-fund” crash testing programs, there is a tendency to focus on
“generic’’ hardware rather than testing specific proprietary devices. When the occasional
proprietary device is tested under these studies, the results may be examined to see how far they
may be extrapolated to cover other existing hardware.

We agree that there is a question when it comes to determining if a product is “nearly identical” to
a previously tested product. Our assessment will be made by comparing the design drawings,
material specifications, and the as-tested information on an accepted device with the design details
and the material specifications for a candidate device. When these are not an exact march, we will
evaluate how we believe the differences might influence the test results and, we will be cautious
when the performance of the device is close to the acceptable limit. This will likely result in our
requiring testing.

1.5 QUESTION - It is not economically feasible to replace all necessary equipment by October 1, 1998.

ANSWER - Knowledge about the availability of crashworthy WZ appurtenances, including traffic
control devices, has been accessible since 1989 in the AASHTO Roadside Design Guide, and the
deadline for safety appurtenances to meet the requirements of NCHRP Report 350 was published in
1993, Norwithstanding, many agencies did not feel that they were prepared for this deadline. For
this and other reasons AASHTO and FHWA signed the agreement revising some dates for
implementing work zone traffic control devices . The new dates are listed in Question 1.0.

1.6 QUESTION - The October 1 deadline refers to what day?

ANSWER - The October | dates refers to the advertising date for contracts and for use by
maintenance and force account activities on the NHS.
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1.7 QUESTION - Will data from the pooled - fund study on work zone devices be made available to the

2.0

industry?

ANSWER - The member States of the pooled-fund study will be the first to receive the results of the
testing. We will endeavor to provide this information to the other highway agencies and industry
once the pooled-fund States have been informed.

2. CHANNELIZING DEVICES

QUESTION - Who is responsible for testing various combinations of devices such as drums, lights,
and flags etc., and which combination(s) should be tested.

ANSWER - The providers of the traffic control devices (TCDs) are responsible for the testing of the
individual devices and/or the combinations they are used in. Since lights may detach and impact
the windshield or may remain attached to the TCD and be knocked clear by the vehicle, it would
seem that all parties would benefit from a cooperative effort between the manufacturers of the TCDs
(manufacturers of basic devices and the optional devices) to determine crashworthy combinations
and to have the “worst case”’ examples tested.

We appreciate the concerns regarding the difficulty of identifying “generic’ configurations of
optional features for crash testing purposes and the potential costs of testing many alternative
designs. We believe there are a number of options open for reducing the costs of testing,
specifically of warning lights:

a. Ifthe light breaks loose from the TCD and impacts the windshield there must be no
penetration of the passengers’ compartment. If a relationship between the size, shape,
structure, and mass of the lights and the probability of the light penetrating the
windshield could be established, this could be used to qualify lights that can be assumed
to be less hazardous. Laboratory testing equipment is available that could launch
individual lights into a windshield. A standard could then be developed for lights that
would be safe regardless of the attachment to the TCD.

b. For those lights that fall outside of the crashworthy standard because of density, mass, or
configuration (i.e., sharp corners on the battery pack or mounting hardware), then a
standard attachment specification would be needed to assure that the light does pot come
free of the basic TCD. A crash test of representative TCDs with the heaviest light or
light/battery device firmly artached would then be required. It will probably also be
necessary to demonstrate that a specific TCD has the capability to "hold on™ to the light
during an impact. (Recent testing has shown that relocating the battery assembly to the
base of the device yielded successful results }

c. Ifa surrogate test can be developed to show that the strength of the connection of the
light to the TCD is sufficient to prevent separation during impact, this test can be used by
the various basic TCD vendors to show that their device will be acceptable when used
with the light. This surrogate testing should be markedly less expensive than crash
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testing, and can be used when minor changes 1o the geometry or chemical composition of
the TCD are made. The mass of the light must still be significantly less than that of the
drum so as not to alter the center of gravity of the drum casing it gnd the light to fly up
and damage the windshield.

2.1 QUESTION -By what date do Category 1 and 2 devices used on projects on NHS highways have to
conform to NCHRP Report 3507

ANSWER - ( See Question 1.0 for information on dates.) Newly purchased Category | and 2 devices
will need to comply on projects advertised the agreed upon dates. Contracts currently in
preparation for award afier this date should inform icontractors that the TCDs they intend to use on
NHS routes are to comply. The states do not pypically include TCD fabrication details in their
specifications or special provisions, and there will be no need 10 do that in the future except 1o
require that crashworthy devices be used on the NHS.

2.2 QUESTION - When the Department (State Department of Transportation) is accomplishing work on
NHS highways utilizing our own State forces, what date do our Category 1 and 2 devices have to
conform to NCHRP Report 3507

ANSWER - Standards for NHS routes apply no matter where the funding comes from or who is
doing the work. ( See Question [.0 for information on dates.)

2.3 QUESTION -FHWA was asked, “Will the FHWA delay the full implementation of the National
Cooperative Highway Research Program (NCHRP) Report 350 criteria for work zone devices by one-
vear to October 1, 1999.”

ANSWER - ( See Question [.0 for information on dates. }

2.4 QUESTION - Will the FHWA maintain a list of Category 1, 2, 3 & 4 devices that conform to NCHRP
3507 We realize that the FHWA memorandum indicates that no list will be kept for Category 1
devices. However, we recommend that they do unless FHWA can work with ATSSA to have them do
it. Tt will be much better and easier for one organization to accomplish this instead of each individual
State having to obtain the self certification statement from each manufacturer. If the FHWA does not
intend to maintain a list for the other three categories cither, we believe that should also be handled the
same way as the Category 1 is handled--by one organization.

QUESTION - We feel frustrated that FHWA hasn't really looked into the inspection (enforcement)
needs of the states. Such as: how does an individual state (or states) keep an up-to-date listing of
accepted or approved devices such that ail industry contractors and subcontractors can have the same
list available for their use?

ANSWER - These questions address concerns with using self-certification (also called
manufacturers’ declaration of conformity) as one of two acceptance processes for Category {
devices. FHWA chose this process because the adminisirative and regulatory burden for FHWA,
State and local highway agencies, and industry is commensurate with the potential low risk of the
devices. Also this process responds to feed back about implementing the crashworthiness of W&
features that we do not inhibit innovation.
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In proposing self-certification, the FHWA is recognizing an acceptance procedure used in other
regulated product sectors for where level of risk is low. It is believed that this level of assurance
will adequately address safety and impose the least costs on industry and consumers.

FHWA will maintain lists of Category 2, 3, and 4 devices but we will not keep a list of the numerous
Category [ devices. The intent of FHWA is not 1o simply transfer the keeping of an approval list
Jor Category [ devices to the highway agencies or to industry associations. The details of a self -
certification program are lefi to the highway agency discretion but we would expect it to be
commensurate with the risk to the traveling public. A list of accepted devices is not a necessary part
of a self-certification program. A nationaf association may keep a list of Category [ devices as a
service to their members at their discretion. Other associations have created similar programs
for their members to reduce the burden and increase the confidence of their member’s customers.
Often a mark or label is used to identify each product as listed as certified by that association.

2.5 QUESTION - If a highway agency does not believe that the vendor’s self certification
of a device is accurate, what can be done?

ANSWER - By the nature of the Category | devices we would expect this io be a rare occurrence,
First, the highway agency should review the basis (supporting information). Since the vendor's
self-certification is subject to approval by the individual highway agencies, if they find it
unsatisfactory they will discontinue accepting it. If the highway agency has an actual or suspected
product failure, they should perform tests or have an independent or "check” lest performed.

2.6 QUESTION - A contractor has devices in his inventory that he belicves meet Category 1 but is
having problems obtaining a letter of self-certification for them from the manufacturer. Does that
mean these devices cannot be used on the NHS after the October 1st date?

ANSWER - A vendor who is supplying the devices for use on a highway agency s project is
responsible for the self-certification. Therefore the contractor can self-ceriify his current inventory
of Category 1 devices as meeting NCHRP Report 350 standards if he is willing to be responsible for
the crashworthiness of the devices.

2.7 QUESTION What should be in the letter of self-certification?

ANSWER - The letter should contain at a minimum:

(1) A title, e.g., "Certificate of Crashworthiness ™,

(ii) Name and address of vendor making the certification.

(iii} Unigue identification of the certificate (such as serial number) and of each page and the total
number of pages,

(iv) Description and unambiguous identification of the item tested;

(v) Identification of the basis for the self certification process used and to what Test Level of
NCHRP Report 350. This basis as listed in the July 25, 1997-memo as crash test experience with
similar devices or years of demonstrably safe operational performance. (Simplified crash testing
showing that a device poses no risk 1o vehicle occupants may be used to support the manyfacturer’s
certification. This simplified testing must, as a minimum, be documented by a written report,
observed by an independent, impartial observer, recorded on videotape, and include a means, other
than the test vehicle 's speedometer, for determining the vehicle speed at time of impact.)
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(vi) A signature and title, or an equivalent identification of the person(s) accepting responsibility
for the content of the certificate (however produced), and date of issue;
(vii) A statement that the certificate shall not be reproduced except in full.

2.8 QUESTION - Can a Category 1 device be self-certified by\a vendor as safe solely on the basis of
height and weight?

ANSWER - No. Category 1 devices will be allowed based upon the vendor s self-certification if the
device meets a specification proved safe by crash or surrogate testing, crash testing, or safe
operational performance. The self-certification is based on an analysis and determination by the
vendor that the size, weight, material and shape are similar to devices proven safe. We expect the
vendors would have an analysis on file to support their self-certification. '

2.9 QUESTION - s there crash test information available to assist vendors in analysis of their Category 1
device?

ANSWER - Test reports on Category | devices will be available in July 1998 on the FHWA Office
of Highway Safety s homepage - http.//www.ohs fhwa.dot. gov/design. A video or videos will be
available from the FHWA-NHTSA National Crash Analysis Center for a fee. The center s homepage
is hitp./igwuva.gwu.edu/ncacy.

2.10 QUESTION - Many traffic control contractors manufacture their own Type III barricades. This will
be costly; those costs will be passed on to the State Departments of Transportation.

ANSWER- [We assume that the above comment means that since many TCD contractors currently
manufacture their own devices it will be more costly for them to begin using crashworthy work
traffic control devices. |

It may be marginally more costly to begin using a crashworthy device rather than a noncrashworthy
device. For example, if a TCD contractor begins to manufacture a crash-tested generic desigh, the
additional cost will be that of revising the manufaciuring process. If a TCD contractor decides fo
have their own type III barricade design crash-tested the only cost is that of the crash test(s). This
of course will be amortized over the number of barricades built.

There may be an increase in the effort spent in quality control from the existing level so thata
contractor can enswure that each device is manufactured correctly.

2.11 QUESTION - There is a lack of uniformity among work zone traffic control devices. What if the
States use devices that have not been found acceptable by the FHWA?

ANSWER - The provision in our July 25 memorandum permits a State 10 use a "home grown”
device it has determined to be crashworthy according to the NCHRP Report 350. FHWA
headquarters acceptance is not a requirement.
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If a device is determined to be crashworthy, it will be the State's prerogative to accept or reject that
product, as it has always been. The FHWA will not take a position on State s selection from among
competing crashworthy devices. :

2.12 QUESTION - Will the implementation of the NCHRP Report 330 procedures mean the banning of
wooden barricades?

ANSWER - The NCHRP Report 350 procedures are not material based, but performance based.
Accordingly, the appurtenance design is being evaluated and not solely the material. While we may
speculate about the potential crashworthiness of a class of appurtenance, crash testing and in-
service evaluation is the validation. ‘

2.13 QUESTION - How will all of the varieties of barricades in current use be tested?

ANSWER - We look to the industry to recommend how highway safety can best be served when
crashworthy barricades are required. If a small number of standard crashworthy barricade
designs could be developed, the various manufacturers would have an easier time providing
crashworthy barricades. The standard designs should provide guidance on variations in size,
materials, fastener hardware, permissible auxiliary devices, etc.

The results of a survey conducted by the American Traffic Safety Services Association (ATSSA) will
be most helpful in determining the extent of the crash tests needed to qualify (or disqualify) the
range of currently used barricades. ATSSA intends to sort the barricades and other devices into
categories and the “worst case” example(s) from each Category tested to qualify the remaining
devices in a category.

2.14 QUESTION - Type [II barricades need to bE strong enough to be easily relocated without breaking
OT coming apart.

ANSWER - We agree that Type Ill barricades must withstand the rigors of movement at a construction
site, but we also believe that they can be designed so that they do not present an undue hazard to the
traveling public.

2.15 QUESTION - Manufacturing their own equipment allows a contractor to control their own work.
Will having crashworthy barricades prevent that?

ANSWER - As long as satisfactory quality control is used and the devices meet the requirements of
NCHRP Report 350, contractors and other entities can manufacture their own devices. For example,
there are generic Type Il barricades mentioned in the Roadside Design Guide of perforated square
metal tubes, plastic ubular elements or wood that have been savisfactorily crash tested and seem
suitable for easy assembly.
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3. SIGNS

3.0 QUESTION - There are many varieties of trailer-mounted sign supports. Will they have to be crash
tested? |
ANSWER - Yes. The crashworthiness of trailer-mounted sign supports is a concern. We understand
that some have been banned by certain States because of the potential hazard.

3.1 QUESTION - How will the sign substrate affect the performance of a portable sign support? Plvwood
{now allowed) will perform differently from aluminum.

Answer - In crash tests of various types of portable sign systems, both the plywood and the
aluminum substrates separated from the sign support and penetrated the windshield The fabric

sign panel performed satisfactorily when tested. Other substrates are currently being considered
for crashworthiness.

Improvements in the connections between sign panels and supports may address the problem of

separation for some type of supports. Also, the use of plastic sign substrates for use with plastic
drums has been successfully crash tested by the Texas Transportation Institute.

3.2 QUESTION- Should portable / temporary sign stands be crash tested at a 90 degrees angle as well as
head on?

Answer - NCHRP Reporf 330, in section A3.2.3, states.

“Because errant vehicles may approach a support structure, work zone traffic control device, ...
at various angles, it is recommended that the device be tested assuming the most severe direction
of vehicle approach consistent with the expected traffic conditions...”

Temporary sign stands are often used near intersections where traffic approaches from many
directions. Also, when along highways sign stands are sonretimes turned 90 degrees to conceal the
message from the driver. In this orientation the cross brace that spreads the fabric sign panel is
critical. Full-scale testing has shown that tubular metal cross braces will penetrate the windshield,
whereas thin, flexible cress braces will not. Therefore any portable or temporary sign stand should
be evaluated to determine if the cross brace is a potential hazard.

4. BARRIERS

4.0 QUESTION - Concerning temporary concrete barrier--we (State DOT) don’t want to get rid of what
we have and use something new in 1998 that will meet Report 230; then in 2002 get rid of that, and
use something that will meet NCHRP Report 350. We want time to find something acceptable to use
that will meet 350. A phase-in period is desired. The life of a barrier could be ten years or more.

ANSWER - We agree it seems reasonable to begin using portable concrete barrier(PCB) joint
details that meet the requirements of NCHRP Report 350. There are some currently available for
use. As of July 1, 1998 they are the Iowa PCB (TL-3, F- shape w/pin & loop), Rockingham
Precast (TL-3, F - shape w/ slotted tube/T -bar connection) and the Low Profile barrier (TL-2).
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The AASHTO / FHWA agreement permiits the use of connections meeting NCHRP 230 guidelines
until they complete their normal service life. Connections that do not meet those criteria may be
considered for a retrofit. In addition in the current work zone pooled funded study it has been
proposed to develop a retrofit for strengthening existing PCB joint details. If successful that may
allow continued use of an existing PCB on the NHS until the end of its useful life. Any phase in
period beyond 2002 would depend on the particular circumstances of the State including how safe
is their current joint detail.

4.1 QUESTION -Will contractors be allowed to continue using their existing barriers (providing it is one
of the five barriers identified tested in the 1996 RDG) until a reasonable amount of time has passed
after the NCHRP Report 350 acceptance of a non-proprietary, reasonably priced temporary barrier?

Answer- ( See Question [.0 for information on dates which may alter the answer that follows.) Old

harrier segments can be used until October 1, 2000, as long as they are still serviceable and
conform to the NJ or F shape. After October 1, 2000, they must be one of the five listed in the
“crash tested and operational” section of Chapter nine of the RDG (or otherwise meet the tensile
and moment requirements of the AASHTO / FHWA agreement. ). The key element, of course, is the
connection between barrier segments. This was a major concern of the states that are participating
in the pooled-fund study "Crash Testing of Work Zone Traffic Control Devices.” Ranked highly by
the group was the need to "retrofit" current barriers that do not meet the NCHRP Report 350
criteria. Through a combination of computer modeling and test simulation and actual crash testing
of practical designs, the highway community should have jointed temporary concrete barrier
designs available at the end of the study. This should occur well ahead of the 2002 deadline. If any
barrier segments that do not meet NCHRP Report 330 criteria are still serviceable by [0-1-02 they
may be candidates for this retrofit.

It is recommended that no new non-NCHRP Report 350 barriers be purchased or manufactured.
4.2 QUESTION - Large deflection of portable barriers in the adjacent work space is a concern.

ANSWER - Agree, that is why maximum allowable deflection should be considered when selecting
the type of barrier to use. When using PCB's, the maximum allowable deflection should govern
whether to use stiffeners for joints or attachment of the barrier to the pavement or deck.

4.3 QUESTION - The 25-degree angle hit is questionable in real applications.
QUESTION - Installing a device exactly is often not practical in a real application as it was
tested (installing barriers on a curve, for example).

ANSWER - An appropriate answer to this is to quote from NCHRP Report 350,
“Recommended Procedures for the Safety Performance Evaluation of Highway Features.”

From the Summary:

“These procedures are devised to subject roadside safety features to severe vehicle impact
conditions rather than to typical or average highway situations. Although the innumerable
highway-site and safety-feature application conditiony that exist are recognized, it is
impracrical or impossible to duplicate these in limited number of standardized tesis. Hence,
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the approach has been to normalize test conditions: straight longitudinal barriers are tested
although curved installations exist; flat grade is recommended even though installations are
sometimes situated on sloped shoulders and behind curbs, idealized soils are specified
although roadside safety hardware gre often founded in poor soil or fiozen ground. These
normalized test conditions have a significant effect on a feature s performance but are of
secondary importance when comparing results or two or more systems,

Page 4, Section [ 4 PERFORMANCE LIMITATIONS, 2nd paragraph:

“For these reasons, safety features are generally developed and tested for selected idealized
situations that are intended to encompass a large majority, but not all of the possible in-
service collisions. Even so, it is essential that test results be evaluated and interpreted by
competent researchers and that the evaluations be guided by sound engineering judgement. *

Note: The Test Levels | through 3 in NCHRP Report 350 represent increasing severe impact
severities. In general, each impact severities is described by a combination of test vehicle(
weight), impact speed and impact angle. The decision in NCHRF Report 350 to vary impact
severities by holding the vehicle and angle constant while varying the speed was based on the
desire to limit the cost of testing rather than an attempt to mimic real life conditions.
Therefore, depending upon the site conditions a portable concrete barrier meeting TL-2 test
criteria may be appropriate.

5. CRASH CUSHIONS AND TRUCK MOUNTED ATTENUATORS

5.0 QUESTION - Please clarify the FHWA position on the use of NCHRP Report 230 qualified work
zone crash cushions after QOctober 1, 1998,

ANSWER - FHWA is no longer reviewing testing conducted under NCHRFP Report 230 guidelines,
so there will be no new crashworthy work zone crash cushions found acceptable that do not meet
the NCHRP Report 350 guidelines. The AASHTO / FHWA agreement calls for new units purchased
after October 1, 1998, to meet Report 350 guidelines. Existing TMAs and Work Zone crash
cushions may be used until they complete their normal service life.

5.1 QUESTION - Since existing NCHRP Report 230 TMA’s have been tested at the equivalent of Test
Level 2 will they still be allowed after October 1, 1998.

ANSWER - The Test Level 2 is the basic test level for TMA's in NCHRFP Report 350.  As such,

TMA 's designed to this test level can be used on the NHS.  Review of crash performance shows that
TMA's designed to this test level perform well. A transportation agency may use TMA's designed
to test level 3 if they want the higher performance.

5.2 QUESTION - If a State wants to us¢ vehicles with truck mounted attenuators in maintenance
activities or in force account work on the NHS, does FHWA cxpect these State-owned TMAs to be
upgraded to NCHRP Report 350 (or modified 350) criteria? Are existing non-NCHRP Report 350
TMAs not going to be allowed cven if they are in good shape?
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ANSWER -Existing NCHRP Report 230 TMAs can be used on the NHS until the end of their useful
life (see question 5.3 below). Any new TMA s purchased should meet NCHRP Report 350 criteria.

5.3 QUESTION - What is ihe date that TMA's used on projects on NHS highways have to conform to
NCHRP Report 3507 If Oct. 1, 2002, is correct, do TMA's fit under Category 37 If they do not fit
under Category 3, then what category do they fit under?

ANSWER - For the purpose of implementing the crashworthiness of WZ devices, TMAs may be
considered as Work Zone Crash Cushions. They are Category 3 devices that come under the
October 1, 1998, limit. Our intention is that TMAs (and other work zone attenuators) meeting
Report 230 guidelines may continue to be used until they are worn out and ready for replacement
with hardware conforming to NCHRP Report 350. '

5.4 QUESTION - NCHRP Report 350 indicates in Section 2.4.1.3 on page 12 that it may be possible
to extrapolate results of a TMA test for supporting vehicles of differing masses. It goes on to indicate
that at the time of that writing no known validated procedures exist to make such extrapolations. Qur
question is, if a TMA manufacturer has a lesser weight recommended for the support vehicle than what
they were tested at and they have based this weight off of some procedure, are they required to submit
this to the FHWA for approval? It is our understanding that one company already has a lesser weight
that can be used, but they did not have to have the approval of the FHWA.

ANSWER - Our procedures permits the use of devices / procedures that have been shown to meet
NCHRP Report 350 guidelines without FHWA Headguarters acceptance, Our acceptance letters are
@ service to the industry that acknowledge the crashworthiness of a device so that a manufacturer
does not have to provide the same detailed documentation to every highway agency. If a highway
agency considers itself qualified to review the vendor's documentation in light of NCHRP Report
350, they are free to do so, preferably with the concurrence of the FHWA division office when NHS
routes are concerned. To your point of the lesser-weight host truck, this should only be a problem
with roll-ahead, which is not covered as an acceptance criteria in NCHRP Report 350. Our
acceptance letters usually indicate that the test host vehicle is the maximum mass vehicle we
consider acceptable with the covered TMA and, if not stated, is implied. If a contractor chooses to
use a lighter vehicle to mount the TMA, then the contractor is responsible for being aware of the
impact that vehicle will have on the roll-ahead distance and take appropriate action. Also NCHRP
Report 350 includes evaluation criteria for the support vehicle as well as the impacting vehicle for
TMA tests.
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6. OTHER
6.0 QUESTION - How were work zones devices determined to be in category [V?

Answer - Category IV devices are devices which have proven to have significant value in the work
zone by contributing to safer traffic operation though these devices may cause great harm to
occupants of impacting vehicles. We believe that, as currently configured and deployed, these
devices provide a net benefit to motorists. Substantial crash experience to date shows that crashes
with these devices are rare. They have been identified by FHWA as portable, usually
trailer-mounted, devices such as area lighting supports, flashing arrow panels, temporary traffic
signals, and changeable message signs which are often used in or adjacent 1o the traveled way.
The AASHTO / FHWA agreement calls for these devices to be studied and an implementation date
announced by October 1, 2000.

We would not expect to identify any new category IV devices unless they have a proven substantial
operational benefit.

CONTACT

For further questions E-mail:  Harry W. Taylor E-mail - Harry.Taylor@fhwa.dot.gov
Nicholas Artimovich E-mail - Nick. Artimovich @fhwa.dot.gov

If you have questions that concern implementation within a specific State, please contact that
respective Diviston Office.
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